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A STUDY OF ELECTRONICS IN INDUSTRIAL ARTS AND THE 
DESIGN OF A TEACHING AID 
*INTRODUCTION·!!-
CHAPTER I--A Statement of the Problem 
AN OUTLINE OF PROBLEMS AND PURPOSES 
During the first post-war years there will un-
doubtedly be many studies re-interpreting industrial arts 
as an outgrowth of military experience. This study was in-
spired by a new appreciation, born· of the war, of the im-
portance of electronics in democratic society. It finds 
~tself concerned with the following problems: 
1. The relattonship of a shop electronics area to the 
over-all philosophy of general education. 
2. The conditions under which electronics areas are 
recommend'ed as an area in industrial arts. 
3. The recommendation of activities to constitute an 
electronics area in the secondary. school. 
4. The methods of overcoming the difficulties condition-
ing the success of an electronics area in usual general shop 
situation. 
The purpose of this study may be stated as follows: 
To determine the extent of and the nature of experiences 
with electronics needed by youth in a situation of general 
education, and to dev.ise methods whereby these needs may be 
1. 
2. 
met in an industrial arts offering in a general shop. 
THE DESIRABILITY OF SUCH A _STUDY 
It will be shown later that activities in the 
electrical areas of many school shops provide unsatisfact-
ory experiences. Teachers in general are not to blame for 
this condition; in' fact, they may feel a definite slackness 
in this aspect of their program without knowing exactly 
what to do about it. The peculiar nature of electrical act-
ivities as compared to others in the school shop plus the 
very technical aspect of electricity sets it apart from those 
activities whose aim is the development of skill. Shop 
teachers can never become expert in all the areas they may 
be expected to handle. Electricity is one area in which they 
are apt to be most weak due· to the fact that it is so diff-
erent from other shop areas. Yet·, an electrical area is one 
considered desirable by most authorities on curricular off-
erings_ in industrial arts. The writer hopes to draw on his 
experiences as an electronics specialist officer in the 
United States Navy and as a radio teacher in an NYA program, 
as well as on studies made in connection with this thesis, 
to bring to the school shop the means of presenting an ad-
equate electronics experience for.youth. 
·-. 
THE METHOD OF PROCEDURE 
As stated above, the method of procedure for this 
study has been first, to draw upon the judgement .of pro-
fessional experience to determine what seems to be the 
reasonable needs··· of youth for experiences with electronics, 
3. 
second, to study the philosophy of educat·ion for implica-
tions in this area, and third; t.o construct out of these im-
plications certain recommendations for attaining those in-
dicated experiences with electronics. 
The second method of procedure, the study of 
philosophy, has.involved going to the sources of basic 
thought for industrial arts and examining these for possible 
need for I"."e-interpretation in this post-war reconstruction 
period. One of the principal sources of this basic thought 
is the Prospectus for Industrial Arts in Ohio written in 
1934. 
RELATED STUDIES WHICH HAVE BEEN MADE 
several previous studies of the problem of an 
electricity area in industrial arts have been made at .Ohio 
State University. Those influencing the thought of this 
study are: A study of Where and How Electricity Is Used In 
Industry by Robert M. Keck; A Study of. General Educational 
Possibilities of Junior High School Electrical Shop Work by 
Carl D. Johnson; and A Content.study of Electricity for 
Industrial Arts by Leroy Noble McHenry; and Construction 
Pro,jects tor a Unit on Electricity and Magnetism by Charles 
Francis Burkhart. Recent studies on this topic in other 
universities are: Status of Practical Electricity in the 
High Schools of Northern California--a Proposed .Program 
' 
by Laverne Brandstatt in which, because of a survey a~d 
analysis of conditions in Northern California, the Qon-
clusion is reached that practical electricity should be a 
4. 
part of an industrial arts program; Instructional Aids 
for Teaching Electricity in a High School Industrial Arts 
Course by J. Marvin Byron which shows thirty inexpensive 
teaching a·ids and finds that the .interest of students is 
in radio, motors, and house wiring in that order. 
ORGANIZATION OF THE STUDY 
The pattern of organization in which this study 
is present~d is as follows: 
Part I--.The philosophical Basis for the recommendations 
to be offered. 
Part II--An approach to the solution of the problem of 
an electronics area in industrial arts as an expression of 
this philosophy. 
Part III--The construction and use of a teaching aid 
for implementing the proposed program. 
DEFINITION OF TERMS 
It may appear at first that the terms ELECTRICITY·· 
and ELECTRONICS are used synonymously in this study. There-
fore,_ to clear up any misconception, the terms will be de-
fined. ELECTRICITY will be used in something of the generic 
sense. In the early part of this study the term ELECTRICITY 
will be favored because most of the statements made will 
apply to the whole problem of electricity as an area in the 
school shop. ELECTRONICS is a term invented within recent 
years to identify the special application of electricity to . 
circuits involving the use of vacuum tubes. ELECTRIC 
POWER is a term covering the generation of electricity 
and its use., in light, heat, and motive power. Although 
( 
5. 
this study is specifically limited to electronics, the 
study of electronics cannot be divorced from the whole of 
electricity. Hence, the study must deal at first with. 
electricity in the generic sense. 
·U· PART I--THE PHILOSOPHICAL BASIS * 
CHAPTER II 
Shortly after this study was begun it began to 
seem questionable whether an area of electronics or even of 
genera_l electricity could be justified in the industrial 
arts shop. In fact, the whole position of being required 
·to justify or present arguments favoring the inclusion of 
any particular activity in the shop program seemed to be 
untenable. Extensive studies have already been made which 
indicate the general picture of the desired areas. While 
such a topic is always open for re-examination, especially 
·in this unsettled post-war period, it does not seem to be 
within the scope of this study. 
At the same time, it was still questioned as to 
·5. 
whether an electricity area was desireable. Previous studies 
by others had already found the situation unsatisfactory in 
this area in most shops. For example, Mr. Keck1 in his 
study of 1938 says that most shop programs are of one of 
three types: experiments to verify scientific facts; t·eaoh-
ing isolated bits of the electricians trade; or making 
things such as toasters and radios. such a program pro-
v ides a very inadequate understanding or appreciation of 
1. Robert.M •. Keck, A study of Where and How Electricity 
· is' Used in Industry, Masters thesis, 1938, Ohio State 
State University. 
the electrical industry. Mr. Johnson2 in his study says: 
"The objectives of general education may be more 
fully realized when the study of industrial arts 
electrical work is conducted on an activity basis 
than when the subject is presented by conventional 
exercise method which is in vogue at the present 
time. 11 
Mr. McHenry3 speaks of a situation where the shop 
instructor referred to the electrical area as a place for 
the students to play. Mr. McHenry•s conclusion is, 
"Are the objectives--avocational interests, ex-
__ plorational experiences, consumer knowledge, 
common technical knowledge, guidance, manipulative 
functions, and vocational connections being real-
ized in shops in present offerings? If bell wir-
ing, wire splicing, and minor repair jobs indicate 
the richness and breadth of the function of ele-
ctricity in modern industry perhaps this is ac-
complished. When one considers the broad and 
general applications of electricity as it is used 
in furnishing light, heat and power, obviously the 
offering is inadequate." 
Or, re£erring to another type of ~tudy,4 
"Up to the present timE! the usual practice in 
teaching of electricity has been cont ine-d to bell 
wiring and electric light wiring (usually on an 
exercise basis), or in the senior high school on 
a series of experiments. Surely there should not 
be such a restriction in a unit so rich in tech-
nical and educational values." 
2. Carl D. Johnson; A Study of Junior High School Ele-
ctrical Shop Work. Masters thesis, 1935, Ohio State 
University. 233pp. P.225. 
3. Leroy Noble McHenry, A Content Study of Electricity 
for Industrial Arts. Masters thesis, 1937, Ohio State 
University. 14lpp. P.2. 
4. A Prospectus for Industrial Arts in Ohio. Prepared by 
the State Committee on Coordination and Development, 
1934. 
a. 
It should be. remembered that these studies were 
made in the pre-war decade. If the electrical areas were 
found to be unsatisfactory at that time, it would seem rea-
sonable that they may settle down into the same condition 
in this post-war period unless the reasons for the previous 
conditions are discovered. It does not seem possible to 
offer scientific proof of the causes of these conditions, 
but the reasoning which follows is offered as a studied 
opinion. 
In the first place, fundamental belief about the 
place of industrial arts in general education made it diff-
icult to fit electricity into the shop program. Take, for 
example, Bonser 1 s5 often quot~d and widely accepted defini-
tion of industrial arts. It is, 
"A study of the changes man makes in materials to 
increase their values to meet needs, of appropriate 
usage of products made, and of the social adv~n­
tages and problems resulting from the making of 
these changes and products." 
-
It is only by distorting the meaning of this definition 
that electrical activities can be construed as the making 
of changes in materials. Any person who has learned to 
enjoy bending that mysterious force of nature, which is ele-
ctricity, to his will will agree that the changes made in 
materials is about the least significant of the manipulative 
processes when dealing with this force. A lack of 
5. Frederick A. Bonser, Industrial Arts for Public School 
Administrators•·· Teachers College, Columbia, 1930. 
95pp. p.2. 
appreciation of this point of view would be sufficient in 
itself to cause shop teachers to attempt to force the 
treatment of electricity into channels where it was not 
suited. Doctor Bonser has referred elsewhere to electricity 
as an element of communication which, on the secondary 
level at least, seems to be an inept classification. 
The influence of this basic philosophy is felt 
in the derivation of units for the school shop. Consider, 
for example, Mr. Delmar w. Olson•s6study. Mr. Olson has 
gone to the social heritage and to drives to culture as the 
sources of activity areas, and he has from the analysis of 
these sources indicated as desirable areas the following: 
foods, textiles, woods, ceramics, metals, power, graphic 
arts, communication, transportation, crafts, counseling, 
safety, related science, and planning. Presumably electric-
ity would appear in this program under power and communica-
tion. While it would probably be few who would quarrel 
seriously with Mr. Olson or Doctor Bonser or any others 
over the desirable areas of industrial arts, the considera-
tion of electricity under a heading of power and communica-
tion must lead to dissatisfaction among electrical special-
ists. The specialist sees significances in the study of 
electricity which must forever escape the curriculum con-
structionist who looks at the multitudinous contacts man in 
6. Delmar w. Olson, A Classification of Industrial Arts 
Subject Matter: Derivation of Activity Areas for a 
Laboratory of Industries. Masters thesis, 1934, Ohio 
State University. 
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modern culture has with the use of electricity and concludes 
therefrom that its study must be a component of the experi-
ences of youth. The non-specialist Jfr.eceeds to carry out 
such a suggested program in his own particular shop and to 
lose most of the deeper meaning of individual areas. In 
consequence there arises the criticism on the one hand of 
the specialist and on the other of the more or less in-
articulate public who sense something lacking but cannot 
tell exactly what it is. 
The efforts of Selvidge and others to make voca-
tional education more effective has had some influence upon 
industrial arts because of the feeling that industrial arts 
is in some way a kind of vocational training. The heart 
of the Selvidge plan is through job analysis to determine 
what the student should know and be able to do with reference 
to a particular trade. Some localities go~ in for the job 
analysis idea quite extensively. The state of Texas is an 
example. In that state industrial arts is divided into 
three levels--a period of self-awakening for ages 12-14 
where several industries are studied; a period of self-. 
discovery for ages 15-17 where there is a litt-le more special-
ization; and a period of tenetive choice where special crafts 
courses are taught for vocational or pre-vocational needs. 
In this plan definite units of instruction are specified 
and specif io processes and technical information are required 
to be taught. The electrical industries course, for ex-
ample, includes samplings from auto electricity, power and 
house wiring, communication, electric machinery, and 
electrical appliances. Teachers are required to keep pro-
gress charts and to file these charts with the state de-
partment of education. Those who wish to learn more of the 
Texas plan may consult the Texas Department El. Education 
Bulletin Volume XIV No. 91 Oct. 15, 1938. When industrial 
arts offers an electrical course less concisely planned 
than that found in Texas it may come under Mr. Keck•s 
category of those who offer isolated bits of the electrical 
trade. The choice seems to be either to teach an avowed 
electrical trade or to examine industrial arts for other 
. 
implications. It seems to this writer that the determina-
tion of the extent of the influence of the job analysis 
technique upon industrial arts is the most important single 
factor apt to influence the future of industrial arts in 
general education, and that the failure to determine the 
extent of this influence has contributed to lack of success 
of electrical programs in the past. 
Two situations are thus brought to light in the 
above paragraphs. First, it seems unsuitable to place an 
electronics area in a shop which conceives industrial arts 
as a study of changes in material. Second, it seems un-
desirable to include an electronics area in a shop which 
has not come to grips with the question of what youth are· 
going to do with the electronic knowledge they acquire. To 
determine the conditions under which electronics is a 
desirable area the fundamental position of industrial arts 
must be opened for re-examination. This will be done by 
discussing some of the objectives of industrial arts as 
outlined by the Prospectus for Industrial Arts. 
THE VOCATIONAL OBJECTIVE 
Vocational education is customarily thought of 
as training for specifics. A specific job, or classifi-
cation of jobs. It could be shown that there are two 
types of occupational adjustment open to youth. One is 
12 •. 
that involving a trip through college, and the other is that 
involving training for specific occupations. It could be 
shown that there is no more vital question involving the 
future of democracy than this one over the type of occu-
pational adjustment which education shall provide for youth. 
This question seems to have been the fundamental one which 
concerned the gentlement who prepared the "Harvard Report. 11 
This report presents a two-fold problem: the growing dis-
parity between individuals due to specialization in a com-
plex society, and the question of how the high school is to 
fit its greatly increased population of varying abilities 
into this complex society. In effect, the livest question 
in education today is over the extent and type of occ-
upational adjustment which shall be offered to youth on the 
secondary level. Quoting but a couple of other sources 
will indicate the lively thought which is going on in this 
subject. 
For example, Mr. R. T. Craigo, 7 Assistant 
7. R. T. Craigo, "Technical Trade Schools" Industrial 
Arts and Vocational Education Magazine, .Vol. 33, 
Sept., 1944, P.278-9. 
Director Dunwoody Institute of Minneapolis finds a grow-
ing demand for separate technical vocational schools to 
meet the needs of youth for occupational adjustment. There 
are three types of persons pushing the idea. The edu.cator, 
who, if he prevails, will probably swing the proposed 
school into a junior college type. The tradesman who 
would probably produce a school which might continue on 
lower levels and fail to keep up with the times. And the 
engineer who would turn such a school into a pseudo-engineer-
ing college. Mr. Craigo recommends advanced work in the 
trade school rather than a new, separate and distinct type 
of school. 
Mr. Arthur L. Reagh,8 Director of Industrial Arts 
of Grand Rapids looks upon industrial arts as being in part 
a feeder for trade schools and in part vocational training 
for the great masses who will.find their life work in in-
dustry. For these people general industrial knowledge is 
necessary, for they must be capable of adjusting themselves 
time and time again as technology and economics force changes 
upon business and industry. 
Much of present thought on this subject probably 
stems from the reaction of the impact of reality upon what 
used to be taught about democracy. In effect the myth of 
democracy has been, "Work hard and save your money and you 
B. Arthur L. Reagh, 11A Supervisor's Viewpoint of In-
dustrial Arts. 11 Industrial Arts and Vocational Ed-
ucation Magazine, Vol. 33, t~y 1943, P.186-8. 
T4. 
can get to be president." Through chagrin and frank ob-
servation that the success formula just does not work for 
probably 99fo of the population, the impulse is to go to the 
other extreme and be brutally truthful with.youth. Why not 
tell them that they need never expect to be 11more 11 than a 
man who runs a machine and train him to be a machine opera-
tor and enjoy it? It is presumed to be much more conducive 
to the good life to be content with one•s lot than to suffer 
disillusionment. 
Such reasoning has a persuasive quality, and it 
is being enjoyed by a great many people. For example, consid-
er a few quotations from Mr. Norbert F. Dougherty9 who 
was formerly president of General Motors Institute of 
Technology and at the time of his writing was president of 
Modern Housing Corporation and Director of Industrial Re-
lations for General Motors. In this position he probably 
is able to influence much opinion. He seems to be pre-
occupied with the problem of finding minor executives for 
big corporations like General Motors. His premis is that 
methods are available for determining mental ability; 
therefore, those persons of ability should be selected 
early and trained specifically for tasks of leadership. He 
says, 
"If the human animal is so constituted that he 
must belong to some kind of group, why is it 
not common sense to organize along the line of 
9. Norbert F. Dougherty, Occupational Planning.for 
Tomorrow, published in 1944. R. R. Smith Co., N.Y., 
155pp. 
mental capacity or competency. It would not 
be regimentation, nor would it endanger our 
liberty or freedom. On the contrary, it 
should result in equal opportunity for all, 
governed and restricted only by the varying 
capacities of the individuals." (P.23) 
"No greater mistake could be made than to 
compel children of lower mentality to remain 
in school until the age of 16 or 18 and then 
expect them to perform scholastic or mental 
tasks beyond their ability." (P.23) 
"OUr greatest mistake is in not setting up 
the machinery to discover, train and place 
in positions of leadership the 3~ who are 
mentally superior. If none but our best 
minds occupied positions of leadership, many 
of our problems would fade away like fog in 
a bright sun. 11 (P.37) 
"Subjects taught in the sixth grade are all, 
as far as scholastic requirement are con-
cerned, that is necessary to prepare the 
student to conduct the affairs of the world. 11 
(P. 73) 
"Children should be dropped out of school just 
as soon as it is determined that they can de-. 
rive no farther benefit from school work. I 
have safd school .work, not book work. Many of 
these children who are lacking in capacity for 
book work beyond a certain point, the first 
15. 
or second grade, are adept with their hands and 
could be trained in the manual field to become 
self-sustaining members of society. In this 
connection,_ we must develop an entire new field~ 
of pedagogics, since neither.school nor college 
teachers know anything about this problem." 
(P. 78) 
To such lengths as these may reasoning lead one who 
whishes education to train for specifics. 
The implication which seems to be drawn from the 
above sources and from others encountered in connection with 
this study is that the proposition exists as stated before: 
opportunities for vocational adjustment for youth should be 
of two categories, the intellectual ·and the spec'if'.'fc.-: . 
This position might be rejected on ideological 
or moral grounds. For example, it may be argued that such 
a dichotomy of values tends to generate sharp class dis-
tinction in society. It tends to develop a driving and 
a driven group which is contrary to precepts of a demo-
cratic society where easy interplay between social groups 
is obtained. It may be argued that such a position leads 
to the governing and the governed type of society, whether 
the form takes that of Plato's philosopher king republic or 
the twentieth c_entry dictatorship of the proletariat. \'Vho 
can deny that the cohorts of John L· Lewis, for example, 
are not ripe and "ready for stepping into such a twentieth 
century dictatorship and that the training of youth for 
specifics drives them directly into the arms of those types 
of groups? 
However, the ideological refutation will be re-
cognized but not used- in .this treatment. It seems possible 
to attack the problem by the view that to over-simplify the 
solution by dividing occupational adjustment tra~ning into 
two categories is a naive interpretation of the needs of a 
democratic society. That is, it can be shovm that different 
degrees_ of specialization are needful, that the democratic 
ideal of easy iil'terplay between areas of specialization may 
come about through individual grov~h and development. This 
position is not essentially different from that of most 
pragmatic· educators. 
One way to support this view is to consult the 
u. s. Department of Commerce publication Classified Index 
l'.7. 
of Occupations. The government in the Bureau of the Census 
and in the u. s. Employment Service has gone to great 
lengths to classify occupations. The publication referred 
to is a convenient one of several from which to secure 
descriptions of occupations. From such a volume it will 
be possible to discover what types of occupations are at 
present to be found and thus to deduce what occupational 
adaptations youth will need to make within the predictable 
future. 
The volume referred to classifies occupations 
into the Professional or Semi-professional; the Proprietor; 
the Craftsman; the Operative or Kindred worker; and the 
Laborer. The Professional and Semi-professional, the 
Craftsman, and the Operative are of interest here, and 
the definition as given for these groups will be reviewed. 
The Professional or Semi-professional worker is 
(1) one who performs advisory, administrative, or research 
work which is based upon the established principle~ of a 
profession or science and which requires professional, 
scientific, or technical training equivalent to that re-
presented by graduation fro~ a college or university of 
recognized standing (2) or one who performs work whic~ is 
based upon the established facts or principles or methods 
in a restrictive field of science or art and which work 
requires for its performance an acquaintance with these 
established facts, or principles, or methods gained through 
academia study or through extensive practical study, or 
both. 
18. 
A Craftsman is one engaged in a manual pursuit, 
usually not routine, for the pursuance of which a long 
period of training or an apprenticeship is usually neces-
sary and which in its pursuance calls for a high degree of 
judgment and manual dexterity, one or both, and for ability 
to work with a minimum of supervision and to exercise re-
sponsibility for valuable product and equipment. A fore-
man is one who directs other workers under the supervision 
of a proprietor or manager. 
An Operative is one engaged in a manual pursuit, 
usually routine, for the pursuance of which only a short 
period or no period of preliminary training is usually 
necessary, and which in its pursuance usually calls for the 
exercise of only a moderate degree of judgment or manual 
dexterity, and which usually calls for only a moderate 
degree of muscular force. 
It may be pointed out that the Professional and 
the Craftsman classifications are identical with what has 
been identified before as the intellectual and the vocat-
ional. This is true. But the significance is that the 
definitions recognize degrees of achievement which corres-
pond roughly with degrees of specialization. It is quite 
likely that it would be difficult for a high degree of 
craftsmanship to swing into a high degree of professional-· 
ity. But it is to be noted that it is only the degree of 
training which differentiates the Operative from the Crafts-
man, and the semi-professional from the Professional. The 
difference between the point of view which would divide 
man vocationally into those who are ·trained intellectually 
and those who are trained for specific jobs and the point 
of view which would divide man according to degrees of 
achievement is the same difference between driving some 
men into blind-alley fixations of class and giving all men 
an opportunity to achieve status through growth and develop-
ment. There is a deplorable amount of blind alley classi-
fication it is admitted, but the path of hope lies through 
training. 
It seems clear, then, that the vocational objec-
tive of industrial arts is most apt to be achieved when 
the instructor recognizes clearly the paths through which 
youth may grow in the process of his occupational adjust-
ment. The Occupational Index shows that the end products 
of specialization are the professional worker on the one 
hand and the skilled craftsman on the other. One path may 
be from the undifferentiated to the Semi-professional to the 
Professional. The other path may be from the undifferenti-
ated to the Operative to the Craftsman. As far as an ob-
server can discover there is no necessary difference be-
tween the individual who becomes the craftsman and the one 
who becomes the professional, or between any individual 
at any point in the scale. The difference lies in the 
fact that at the point when their paths began to diverge 
some interest or ability or other factor determined choices 
which directed them into either of these paths. Education 
does not seem justified in offering strictly either the 
professional or the crafts curriculum. Rather, its duty 
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is to be able to recognize the paths into which interests 
will lead, to be able to direct youth along these paths, 
and to be able to enable him to cross the boundary of 
these paths at any time the course of his development re-
quires it. 
To locate the place of electronics in this picture 
the Occupational Index may be consulted again. Among the 
Semi-professional workers are listed such occupations as 
laboratory tester in a radio factory, technician in a 
broadcasting station, laboratory technicians, and wireless 
operators. Vocationally, then, the youth who develops 
interests and abilities in the field of electronics may be 
expected to pursue training of a professional nature. This 
training will be such as to produce a worker, 
"who performs work which is based upon the 
established facts or principles or methods 
in a restrictive field of science,or arts, 
and which work requires for its performance 
an acquaintance with these established facts, 
or principles, or methods gained through 
academic study or through extensive practical 
study, one or both. 11 
Now the question may be asked again, should elec-
tronics be made an area of industrial arts? The answer is 
that electronics is definitely necessary when the industrial 
arts program is so orientated as to direct the growth of 
youth into both the technical and the craftsmanship paths. 
Electronics is one of several fields for technicians just 
as pattern making is one of several fields of craftsmanship. 
This view of the vocational objective for indus-
trial arts broadens the scope and appeal of the subject. 
Industrial arts men have long felt that shop experience was 
desirable for all youth in the school. This view of the 
vocational function gives reason for the majority of boys, 
at least, to receive industrial arts training during the 
whole of their secondary education career. It gives new 
vitality and meaning to the whole secondary education 
program. ·It is partly the answer to questions of what ed-
ucation should do to fit its secondary youth into a complex 
society. 'The vocational function of industrial arts has 
often been offered in something of the spirit of an apologia. 
The apologist, ·for example, sees industrial arts as a feed-
er for trade training. With the view presented here, some 
youth will go in for craftsmanship, some Vlill find other 
interests and stop at_the operatives level, some will be-
come technicians, and some will go on to engineering or 
science. 
THE EXPLORATORY OBJECTIVE 
The exploratory experience in industrial arts is 
generally said to_ provide, "Contacts with a wide range of 
materials, experiences with tool and machine manipulation, 
and study of various industrial occupations. 1110 Since 
electricity is not a material it is not subject to tool and 
machine manipulation. There is an electrical industry; this 
is probably what Mr. Keck had in mind when he said that what 
10. The Prospectus for Industrial Arts., P.53. 
must be taught is the electrical industry. It is not clear, 
however, how :Mr. Keck would teach the electrical industry 
for its exploratory value and still preserve the activity 
basis which is the heart of industrial arts. 
It is possible to state the exploratory objective 
in a different way which will give it a new meaning but not . 
destroy its essential value. This statement is: industrial 
arts provides youth with the chance to learn many of the 
ways man uses to control his material environment. 
Man controls his material environment through the 
shaping of materials. This ranges all the way from shaping 
a piece of furniture to fabricating textiles or automobiles. 
Man controls his material environment through the use of 
the energy of nature such as heat in the heat treatment of 
metals. He controls it for his greater aesthetic pleasure 
through .industrial design or devotion tothe fine arts. He 
controls environment by regulating the forces of nature. 
Electricity is an example in point. 
This concept of the exploratory function of indus-
trial arts gains meaning when it is seen that the world of 
reality is filled with people and things and that there 
is significance in recognizing the difference between the 
two. In the social environment the individual is limited 
in the extent which he has power of control and the extent 
of his right to control. There is communication of attitudes 
on many levels of equality between individuals in the 
social environment. The reac_tions in the social environ-
ment are those of adjustments between members. The material 
environment, however, is subject to almost unlimited control 
and is almost entirely acted upon. The significance of this 
difference as it affects the gro\vth and development of youth 
is scarcely ever recognized among educators. 
It is likely that the hold of the pragmatic phil-
osophy upon education is responsible for this weakness. To 
make this point clear reference can be made to some of the 
critics of pragmatism. 
Breed,11 a vigorous critic of pragmatism, says, 
11on the negative side, this philosophy invites 
attention for its comparative disregard of the 
stability of the world as exemplified in the 
uniformities of natural law and the recurrences 
of everyday life; its failure to appreciate 
the value, for direct adjustment, of the en-
ormous mass of organized knowledge accumulated 
through the ages, its casual attitude toward the 
knowledge and. skills encompassed in the funda-
mental· school and social arts, its denial of 
pre-existent independent external fact, and the 
consequent rejection of conformity to such facts 
as the final test of truth and morality; and 
lastly, its rejection of that. rigoristic ele-
ment in life which for want of better terms is 
known by the name of discipline. 11 
Breed seems ·to be saying that the pragmatic philosophy 
ignores the encompassing reality of man•s material env.iron-
ment. 
Wahlquistl2 says that for the pragmatist man in 
nature is not important; the social environment, the man-
made aspects of life are what intrigue him. 
11. Frederick s. Breed, 
MacMillan Co., 1939. 
Education and the New Realism. 
229pp. P. 88-89. 
12. John T. Wahlquist, The Philosophy of American Ed-
ucation. Ronald Pierce Co., N. Y., 1942. 407pp. 
Dewey says of indus~rial arts,13 
"The final justification of shops, kitchens, and 
so on in the school is not just that they afford 
opportunity for activity, but that they provide 
opportunity for the kind of activity or for the 
acquisition of mechanical skills which leads 
students to attend to the relation of means and 
ends, and then to consideration of the way things 
interact with one another to produce definite 
effects. " 
Dr. Dewey, even in his own a btuse way, makes a very weak case 
for industrial arts; if any subject receives a place in the 
curriculum in accordance with a system of philosophy it does 
not require justification. .But because Dr. Dewey is pre-
occupied with the social nature of growth and development the 
shop to him is a place where youth observe how things inter-
act with one another to produce effects. Man, as far as 
things are concerned, stands off to one side and allows 
things to take their course. 
But man, in the view point suggested here, enters 
into relationship with things. By manipulation and control 
he changes the destiny of things. This change of the destiny 
of things changes his environment and in turn modifies the 
destiny of man. It is from things, according to this view-
point, that man derives what little he knows of truth. 
Breed says that the most crucial feature of pragmatism is 
its theory of the nature of truth. The pragmatist finds 
truth to be the good and the useful which is discovered 
through the long process of the on-going stream of experience. 
13. John Dewey, Experience and Education. MacMillan Co., 
1938. 116pp. P.106. 
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Says Breed, 14 for pragmatism, "There is neither ab-
solute mind including and transcending the individual mind, 
nor any truly independent and external V1orld. 11 The pra-
gmatic philosophy sees the exploratory function of in-
dustrial arts.as providing, not an opportunity for mean-
ingful experiences, but as an opportunity to observe the 
means and ends of many types of manipulations. The in-
clination of the pragmatist is to think of meaningful 
experience as proceding from the social milieu. It is 
difficult to fit a genuine experience with electronics 
into this concep~. 
Pragmatism is preoccupied with attempts to 
refute the dualistic philosophy or the mind-body substance 
concept of human nature. Any set of dichotomies such as 
this which divides the world of reality up into people 
and things may be distasteful to many pragma t.ists. How-
ever, it is felt that much of the cirticism of modern 
education comes from those who see the significance of 
. 
the material world and who feel that it is being neglect-
ed in the modern school. 
Of course there are diver.gent schools of 
thought among pragamatists some of which are more open 
to this criticism than others. It is suggested that the 
views of the pragmatist and bio-social behaviorist, 
George H. Mead, form a basis for acceptance of the 
14. IJiid., P.34. 
interpretation of the ·exploratory function of industrial 
arts which is being outlined here. Some of Mead's views 
will be discussed in the next few paragraphs. The 
method used will be to review a study of Mead written 
by Dr. Clayton.15 In this study Dr. Clayton has ex-
amined the works of Mead for implications for education. 
Clayton sho~s that Mead felt that an adequate 
view of emergent mind from prior non-mental behavior 
is provided by a behavioristic analysis of communica-
tion. The central principle in all organic behavior.de 
that of adjustment of a life process to an environing 
field. Mead deals with the active, selective nature of 
organic behavior under the concept of attitude. The 
gesture is an attitude, and the vocal gesture is the 
most significant; for it is through the vocal gesture 
the attitudes are communicated. "Mead sees at the 
heart of the learning process the mechanism whereby one 
takes the attitude of others." (P. 91) Universals arise 
from the social situation through communication. "The 
Universality of meaning consists of the development of 
common responses to varying individual objects and the 
development of a language which indicates these common 
functions." (P.112) Communication, therefore, is a 
15. Alfred Stafford Clayton. Emergent Mind and 
Education--a Study of George H. Mead 1s Bio-social 
Behaviorism from an Educational Point of View. 
Teacher's College, Columbia. 
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basis for two educationally important qualities of the 
mind--the attitude, which is that aspect of an act which 
controls Vlhat one is going to do and what one is going 
to pay attention to; and the universal which is that as-
pect of an attitude which influences fundamental react-
ion tendencies. 
The importance of the non-social factor of 
environment appears in these quotations. 
11To cultivate the intellectual habit of 
turning brute things into meaningful objects 
is one of the primary responsibilities of 
education. 
"Mead's suggestion appears to be that ed-
ucators who are concerned with the import-· 
ance of activity in the learning process 
should be concerned to see that the direct-
ion of the activity is toward the acquisition 
of new meanings that give new directions.and 
control to behavior. 
"Education also deals with adjustments to 
physical things as well as to social objects, 
and if we follow Mead's belief these adjust-
ments also take place through the role-
taking process. The discovery of new mean-
ings and new ways of acting in regard to our 
physical environment is conditioned by an 
ability to converse with things in terms of 
what they signify. Mead· 1 s position implies 
that an adequate education is not merely 
talking about these physical objects, their 
laws and meanings; it involves the overt 
manipulation of things in their various 
capacities and relationships. 
"Mead's position does not seem to indicate 
that all reflection must take place in 
situations which involve other individuals; 
his view does not imply that the socialized 
schoolroom activity is the only one that 
can lead to cognitive meanings. 11 (P.108-109) 
Studies such as this suggest that the field of 
emergent evolution and organismic psychology are fruitful 
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sources for reinterpreting the values of industrial arts. 
An excursion in these fields is apt to suggest that the 
exploratory function of industrial arts is not simply a 
variety of experiences with several work areas to see 
which one the student may want to specialize in or to see 
whether he wants to avoid mechanical work altogether. 
Rather, it is apt to suggest that industrial arts is 
where youth may explore the whole realm of the material 
environment. It is where youth learns to control this 
environment, whether that control is effected through 
' 
manipulating the shape of things, or through directing 
the forces of nature. 
It is plain that, by this viewpoint, industrial 
arts is desirable for all youth during the whole school 
career, and that electronics as the technique of the 
control of one of the forces of nature is an essential 
area. 
THE AVOCATIONAL OBJECTIVE 
The avocational function of industrial arts is 
ordinarily thought of as providing the basic skills, 
knowledge and interests necessary for the individual to 
cultivate some hobby such as a home workshop. The Avoca-
tional outgrowth of experience in woodshop, for example, 
may be a home workshop devoted to making furniture for 
the home. Avocational interest in electronics may take 
the form of an experimental laboratory for the building 
• 
and development of various types of circuits such as 
radio receivers, but in general it tends to take the 
form known as amateur radio. The 11ham 11 or radio amateur 
is one who operates--and generally builds--a radio send-
ing and receiving station for non-profit purposes. 
It is desirable to see how the amateur radio 
interest is expressed. The fountain-head of American 
amateur radio is the American Radio Relay League of 
West Hartford, Conn., which publishes the amateur•s 
magazine QST and the annual Radio Amateur's Handbook. 
Through communication with this organization the 
following information about the avocational nature of 
radio was obtained~ 
To operate an amateur station one must obtain 
two licenses from the Federal Communications Commission 
--one for the station and one for the operator. To 
secure the operator's license one must pass an examina-
tion demonstrating his ability to send and receive the 
International Morse code at a speed of 13 words per 
minute, likewise his knowledge of amateur radio opera-
tion and apparatus, his understanding of radio theory, 
his familiarity with the provisions of treaty, statute, 
and finally, regulations affecting amateurs. It is 
rather hard to secure a license. Less than half those 
taking the examination pass the first time. A few 
years ago boys and girls of 9 and 10 were becoming 
amateurs; with the huge strides in technical development 
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of recent years and the consequent stiffening of the 
amateur examination, the minimum age is now about 14, 
with the exception of an occasional precocious young-
ster of 12. The average age is now about 30. Amateur 
radio has its greatest stronghold in the United States 
where latest figures show over 60,000 amateur station 
licenses have been issued. There are perhaps 25,000 
more in all the rest of the world. In most foreign 
countries where radio and all other communication systems 
are government monoplies, amateurs are not encouraged 
in the same manner nor are they allowed to enjoy as 
many privileges as those in the United States. 
It may be asked, what does the amateur do 
with his station? In general, he talks with other 
amateurs, and of this there are many topics. Amateur 
radio, despite its high degree of specialization, is 
composed of many phases of activity. An experimenter 
will talk about the .technical aspects of his equipment 
and compare notes on performance, characteristics, etc., 
with similarly minded amateurs. A "traffic-handler" 
spends much of his time on the air relaying messages 
free of charge for the general public, simulating a 
regular communications system with national trunk lines 
and feeder nets, the assumed purpose of which is to 
provide training against possible emergency need. A 
"DX hound II is a fisherman of the airways, al ways 
seeking to hook some rare or elusive station in a distant 
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part of the world. A "ragchewer" is by nature a gregar-
ious fellow who chats for hours on end with his fellow 
amateurs, talking about the weather, politics, his girl 
friend, anything. About 35fo of this traffic is by radio-
telephone, the rest by code. 
Radio amateurs are inspired by stories of the 
roles played by the amateur in emergencies. The complete 
story of these situations is too long to be told here, 
but briefly some of the facts are: In practically every 
major disaster of this country where the forces of· nature 
go beserk and in their rampage disable and occasionally 
destroy commercial wire and radio circuits, amateur radio 
operators have stepped into the breach and provided sub-
stitute communication links to isolated areas. Citing 
the 1936 New England flood as an example, although 
property damage and destruction in this catastrophe 
rocketed into seven figures, the loss of life was neglig-
ible as compared with past disasters. This was attri-
buted to the fact that amateur radio's minute-men of the 
air had furnished communication to vital points to 
provide information on the storm•s progress, weather and 
river height reports, transmitted orders for food, 
clothing and supplies, hurry calls for medical aid, as 
well as thousands of personal messages telling outsiders 
of the safety of their loved ones. Other emergencies in 
which amateurs have rendered conspicous service include 
the 1937 Ohio River Valley flood, the 1938 Long Island-
New England hurricane, and the South Carolina-Georgia 
hurricane, the Virginia flood, Georgia tornado, Upper 
Mississippi storm and Texas storm in 1940. During the 
war, amateurs formed a nucleus for the War Emergency 
Radio Service, the communications section of the Office 
of Civilian Defense. 
The amateur's contributions to the technique 
32. 
of the radio art have been manifold. The amateur is an 
experimenter. He is generally not over-encumbered with 
ponderous knowledge. Not hesitating to tackle problems 
that he has not heard were insoluble, he frequently turns 
up with the answer. In the op inion of the American Radio 
Relay League, the status of the radio art today and 
America's dominance in technological fields derives 
fundamentally from the institution of amateur radio. 
Not that amateurs themselves originated all these things 
in their basement workshops, but rather that as amateurs 
they developed the technique and approach that later 
permitted them to carry out fundamental research in the 
larger commercial laboratories. On the other hand, 
many specific technical achievements came from amateurs. 
The most selective telegraph receiver in.common use 
today is the development of an amateur. So are arrange-
ments for silencing man-made electrical noises in re-
ceiving ,equipment. The signal corps officer supervising 
the moon-radar experiments -has been an ama.teur for years. 
Amateur radio is a hobby that can be engaged 
in by the physically handicapped. It has been a godsend 
to hundreds of blind persons, cripples and other shut-ins 
whose sphere of life, formerly limited by their handicaps, 
has been extended by the miracle of radio to cover the 
entire globe; who can now pass the time of day with other 
friends in adjacent towns or in remote cities--with a 
missionary priest in Tibet, a mining engineer in the 
Andes, an exiled prince on Reunion Island, or similarly 
handicapped persons like themselves in the next tovm. 
As to the cost of amateur radio as an avocation, 
a station may be built for as little as $50. The average 
is about $400. The turnover in equipment is large, 
the average amateur expenditures being about $150 annually. 
About 95fo of the transmitter units are home constructed. 
Receivers run about two manufactured units to one home 
made. This situation is the result of economic and tech-
nical factors combined; the modern communications type 
superhetrodyne receiver is such a complex and precise 
instrument that eleborate equipment is required to con-
struct it, and the factory can do the job better and more 
cheaply than the individual. Transmitters, however, are 
fairly high in cost when factory-made; moreover, their 
construction is more susceptible to home workshop methods. 
Of course, aside from the practical considerationsi a 
considerable proportion of amateurs build their own 
' 
equipment for the sheer delight of seeing the products 
of their own hands perform the miracle of transporting 
their voice or code signals across vast distances and 
bringing back the reply of a kindred spirit thousands of 
miles away. 
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Tuany implications for industrial arts are to be 
found in this summary. Electronics as an avocation has 
been and will continue to be essential to this democratic 
form of society. But as to what degree industrial arts 
has contributed to the growth of amateur radio is hard to 
say. There are many sources of contact, many activities 
which foster the growth of interest in electronics which 
are not found in the school shop. In fact, there is 
little in the bell wiring and wire splicing technique of 
instruction which will bring to youth any of the satis-
factions which come to the radio amateur. To the extent 
that this technique has existed, industrial arts has 
discouraged rather than encouraged a growth of an avocat-
ional interest in electronics. 
It was seen above that about 60,000 persons 
in this country follow amateur radio as an avocation. 
Considering the fifty or sixty millions of persons in the 
nation within the age group wherein amateurs are found 
it is evident that under existing conditions not a large 
percentage of an industrial arts class will follow this 
as an avocation. An appreciation of this fact will 
enable the industrial arts instructor to give the proper 
emphasis on an electronics area. It will be only the-
occasional student who will develop the sustained in-
terest which characterizes the "ham. 11 It is a part of 
the task of this study, therefore, to consider ways 
whereby the industrial arts instructor may foster av-
ocational interest in electronics when it appears. 
It was shown that amateur radio appealed to 
older persons and usually involved the expenditure of 
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quite a sum of money. There are implications for indus-
trial arts when these facts are considered in conjuction 
16 
with a study by Willmott of the type of boy electing 
industrial arts. His study indicated that there was a 
strong tendency for boys electing industrial arts to 
choose occupations requiring a lower degree of I.Q. 
There was a tendency for these boys to come from the 
lower economic levels. There is a tendency for these 
types of boys to-work in summer, not to enjoy such things 
as trips and .summer camps. It is evident at once that 
this is not the type of youth who may in general be ex-
pected to develop an avocational interest in electronics. 
It is evident that electronics will not be im-
portant in the school shop, avocationally speaking, as 
long as industrial arts ~ppeals only to this type of 
student. The problem of college entrance requirements has 
much to do with bringing about this situation. Willmott 
found that those planning to go to college did not elect 
industrial arts. In the study referred to above he says, 
"In order to bring about any considerable change in the 
situation it would seem necessary to secure greater 
cooperation from colleges on college entrance requirements. 
16. John N. Willmott. High School Boys Electing 
Industrial Arts. Teachers College, Columbia. 
Contributions of Education #836. 
Some progress has already been made along this line. 11 
(P.55) 
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It is probable that a very basic change in atti-
tude toward the function of industrial arts in general ed-
ucation must come about in order to produce this change. 
For example, it is an unfortunate situation that the im-
pression should exist that shop courses are for the non-
scholastic yype of student. It seems that one interested 
in the enhancement of democracy should resist such ideas 
vigorously. If the idea were acceptable, Plato's Republic 
would be considered a good type of society. But democracy 
and man•s ideals and faith and courage reject the idea 
that work with the hands is beneath the dignity of those 
who work with the mind. some refutation of the idea was 
offered earlier in this study when it was shown that the 
electronics worker was one who acquired his profession 
through study. Certainly the majority of electronics 
workers also perform activities requiring the use of 
their hands. The American Radio Relay League says this 
nation's lead in the technical development of electronics 
owes much to the amateur. It does not seem like a rash 
statement to say that this democratic society's techn-
ical supremacy arises because of its ability to combine 
the studious mind and the studied hand. 
Much remains to be done in the philosophy of ed-
ucation to reaffirm man's faith in the improvability of 
man. An educational situation which tends to shut off 
the growth in industrial arts of an avocational interest 
in such matters as electronics, as does the present ed-
ucational program, only tends to increase the clevage 
between the group which advocates "vocational" educat-
ion and that group which extols the virtues of "higher 11 
education. It is not within the scope of this study 
to expand this philosophy further. But it is felt 
that if an electronics area is to be a part of the shop 
program, it will have most meaning when industrial arts 
is not considered the terminus of formal training for 
a specific group of society. 
THE MANIPULATIVE FUNCTION 
Of all the objectives of industrial arts the 
manipulative function is probably of most basic import-
ance. It is the one pla,ce in school where youth may 
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manipulate the elements of his material environment. It 
is through manipulation that youth develops those skills 
which make for a feeling of adequacy of the individuals 
personality. Toddl7 points out that the child is born 
with capacities, but capacity develops through training 
into ability. The urge which he calls "skill-hunger" 
he sees as the great stimulus to the development of 
ability in youth and the key to understanding the adoles-
cent. 
17. Todd T. Wingate. Adolescent Skill Hunder, Brush 
Foundation Publication. No. xx. 1932. 
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Since the shop is an activity area many educators 
seem to consider it as a place where activity exists for 
its own sake. \ In consequence the problem boys who cannot 
sit still in the conventional class are guided into shop 
classes. It is likely that industrial arts gets jockeyed 
into being a repository for "bad boys" through a mis-
understanding of the manipulative function. If, as Mr. 
Todd suggests, skill-hunger is one of the basic needs of 
youth, the manipulative function of the shop is applic-
able to a much wider group. In fact, can any division 
be drawn? 
Much more remains to be said about the manipula-
tive function with reference to electronics. However, 
because of the technical nature of these remarks they 
will be reserved for a later section. 
OTHER OBJECTIVES 
Although other objectives are advanced for 
industrial arts, it does not seem necess~ry to discuss 
them here, except that a word may be said for the ob-
jective, COMMON TECHNICAL KNOWLEDGE, and CONSUMER EDUCAT-
ION. 
Since one of the problems of modern education 
is that of preparing youth to live in a highly complex 
and highly specialized society it becomes necessary for 
education to supply contacts which will make possible 
intelligent living in such a society. Experience with 
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electronics in the school shop will make possible some 
enlightenment about radar, r.adio controlled planes and 
rockets, radio navigation systems such as 11Loran 11 , or 
high frequency heating systems to mention only a few of 
the applications of electronics which will influence the 
life of everyone. A contact with electronics will also 
contribute toward development of more intelligent con-
sumers of electronic equipment in this age of frequency 
modulation and television.· 
INDUSTRIAL ARTS IN GENERAL EDUCATION 
It would be fecetious to discuss this topic in 
a few paragraphs except as a summary of the present sec-
t ion. 
It is apparent that what is recommended here is 
an industrial arts program of a type which will stand on 
its own. merits as a desirable experience for almost the 
whole of the school population. This program as visioned 
is not one which prepares youth for entrance into industry 
exclusively, but as one which will prepare youth to live 
intelligently in a complex society. This point of view 
sees mankind in a position the like of which he has 
scarcely ever been required to face before. (In Western 
culture, at least.) This condition will continue to be-
come intensified until, perhaps, interplanetary migration 
becomes common~ The condition referred to is the fact 
that there can never again be geographical frontiers. 
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Sometimes the "frontiers of science" are spoken of as 
suitable replacements, but these frontiers will never be 
such as to relieve population pressure in the sense of 
allowing men to be more independent, to be able to put 
any real spatial separation between themselves and others 
of their kind. 
It is undoubtedly this increasing need for 
living together which activates the thinking of almost 
all types of radicalism whether it be the communist, the 
liberal, or the progressive educator. But equally sign-
ificance in its own way, it seems, is the encroachment 
of material things. Consider, for example, the fact that 
the indivisable atom, the building blocks of limited 
number out of which the multiplicity of creation arises, 
is now no longer limited in number. Or, that the chemist 
can take atoms and invent countless new substances from 
nylon to plastics to silicon lubricants. Or, as an 
example of man's interdependence, consider the fact that 
it takes 37 different elements to make a tiny article 
like a radio tube. Man's material environment is no 
longer nature in the raw alone, but' includes automobiles 
and planes, and radios and household appliances and 
surgical tools and so on ad infinitum. These man-made 
creations exist only to be used, to be controlled, to 
be operated for a purpose. What methods of control 
shall be used? 
Several departments of the school, such as 
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chemistry and physics, offer training in the control of 
some aspects of man•s material environment. But these 
departments are not enough, and in general seem to be 
interested in recruiting budding scientists. It is in 
the industrial arts department that the physical setting 
approaches the kind of need outlined here. It is in the 
industrial arts department that the kind of philosophy 
now exists which could promote such a program. 
Now, in answer to the opening question, is an 
electronics area desirable in the school shop? Such an 
area is desirable under the conditions and philosophy 
just outlined. As to whether it is desirable under other 
conditions is a question left for other studies. The 
remainder of this work is devoted to the development of 
a program which seems to fulfill the requirements of the 
philosophy in so far as possible in most general shops 
situations. 
For those who wish to investigate this line 
of thinking further, study is recommended in the areas 
of organismic psychology. The educator is an applied 
social psychologist. In the words of Brown,18 an 
eminent social psychologist, 11 ---We consider the organ-
ismic philosophy the most suitable on which to base a 
social psychology. 11 
18. J. F. Brown. Psychology and the Social Order. 
McGraw Hill, 1936. 502pp. P.30. 
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~I-PART II--AN ELECTRONICS PROGRAM·~~ 
CHAPTER III 
AN ELECTRONICS PROGRAM FOR THE GENERAL SHOP 
From the previous discussion the following con-
clusions may be drawn about the nature of an electronics 
area for the general shop: 
1. When the area is operating for vocational pur-
poses the youth is aiming to acquire the skills of a 
technician. This means that some fundamental principles 
of the science of electronics must be taught followed by 
applications of these principles. 
2. The exploratory function of industrial arts should 
make youth familiar with electricity as a controllable 
force of the material environment through the science of 
electronics. 
3. Manipulation of electronic devices for the con-
trol of the force of electricity should be the basic 
activity. 
5. Youth should be able to secure gratifying, 
successful and challenging experiences in his contact with 
electronics. 
To be practical, any suggestions made here must 
consider the probable situations existing in the average 
general shop. First, what is the situation with regard 
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to teachers? 
The teacher is generally a graduate of an ed-
ucation department of a university who goes through a 
course or program of study aimed at preparing him to meet 
most of the outstanding situations which will confront 
him. Without any thought of dispargment, it can be point-
ed out that most shop teachers are not equiped to meet 
all the demands made upon them. This is particularly 
true as regards electronics. As examples, the following 
reviews are taken from cata~ogs of teacher training 
institutions. 
KENT STATE, KENT, OHIO. 1944-45 catalog. 
191--General Electricity. This course is de-
signed to meet the modern trends in teaching electricity 
in junior and senior high schools. Includes practice 
in making a sequential series of projects with simple 
equipment suitable to the boy. Fundamentals of elect-
ricity, safety, and related information. 5 hours. 
565--Special problems in electricity. This 
course aims to broaden and enrich the student's know-
ledge and skill. 
MIAMI UNIVERSITY, OXFORD, OHIO. 1943-44 catalog. 
101--0rientation. Practical electricity. Pro-
duction, distribution, and use of electricity. Adjust-
ment, repairing and making simple apparatus and appliances. 
369--Everyday science and mechanics. Refri-
geration, stoves, radios, heat, and light. 
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IOWA STATE COLLEGE, AMES, IOWA. 1944 
The curriculum in industrial education provides 
one quarter in the junior yea~ in electrical constr.uction. 
Industrial education 351 is the "Fundamental principles 
underlying electrical construction of shop projects." 
UNIVERSITY OF ILLINOIS, URBANNA, ILL. 1945. 
In the curriculum in Industrial education the 
nearest approach to an electricity offering is a course 
in general physics. 
Additional references to teacher preparati.on 
would find varying degrees of training in electronics. 
Almost without exception it would be found that teachers 
go to the school shops without the preparation needed 
for the kind of program recommended here. However, it 
is to be noted that they are likely to receive some 
foundation work in electricity so that through study on 
the side most teachers could carry on a program in 
electronics. In the following pages the attempt has 
been made to keep such a type of teacher in. mind. 
The problem of teacher preparation is further 
complicated by the need for qualification in more than 
one subject. Dickeyl9 has made a study of the problem 
of industrial arts teacher preparation. He has found 
that there is no combination of subjects best suited for 
19. Lester L. Dickey. An Analysis of the Industrial 
Arts Teaching Positions in Ohio High Schools and 
the Qualifications of the Teachers. Thesis, Ohio 
State University, 1934. P.17-18. 
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the shop teacher. Although he made no mention of ·it in 
his study, he apparently did not discover whether it was 
' 
advisable for the teacher to specialize in any one area 
such as machine shop or electricity. Among ~is con-
clusions he finds, "Each person preparing to teach in-
dustrial arts in the secondary school should have major 
preparation in industrial arts and minor preparation in 
at least one other subject field." The point is that 
with the present method of curriculum construction it is 
not possible or reasonable to expect many industrial 
arts teachers to have the background in electronics which 
this study indicates as desirable. Therefore, the next 
conclusion about the practicality of an electronics 
areas is: 
6. _Since any suggestions to be made must be 
such as can be carried out by a teacher without special 
preparation in electronics, the need is indicated for 
designing some sort of teaching aid or instructional 
device, then giving instructions in its use. 
7. Another practical consideration is that of 
the school plant itself. In most school shops there is 
provision made for several areas. There may, or may not 
be provision made for an electrical area. Any suggestions 
made must be flexible enough to be used in either elabor-
ate or simple shops. 
a. The minimum prog~am in industrial arts for 
a first class high school is considered to be one year 
' ( 
. • 
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of exploratory experiences in junior high school, and 
one year of specialized experience in senior high school. 
Suggestions made should therefore be applicable to this 
minimum standard • 
CHAPTER IV--WORKING OUT BASIC ELECTRONICS 
PRINCIPLES. 
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Some adaptation of the Selvidge plan of job 
analysis is usually used to determine the content of trade 
training. This analysis consists in determining what, in 
a particular trade, it is necessary to know and what it 
is necessary to be able to do. No specific job analyses 
are readily available because there are no electronics 
activities in Trades and Industries in this state. 
Furthermore, the implications of this study 
are that the Selvid~e plan is not applicable to the kind 
of electronics experiences here recommended. It will'be 
recalled that electronics is an applied science, that the 
work of a technician is to be able to apply the princi-
ples of science to the manipulation of the material en-
vironment. The teacher therefore, is to introduce the 
student to some principles of science (not necessarily 
all of themJ) and enable him through manipulation to 
apply these principles to the control of environment. 
Keeping in mind this requirement, it would be well for 
the purpose of guidance to look at course outlines pre-
pared by others. Probably the best of its kind is that 
used by the u. So Navy in the preparation of electronic 
specialists. The information relative to these courses 
is contained in confidential publications and so cannot 
be quoted, but it is allowable to summarize here what is 
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expected of an electronic specialist, third class: 
WHAT YOU SHOULD BE ABLE TO DO 
Be able to use a file properly. 
Be able to use a hand drill. 
Be able to so1der well. 
Be able to identify types and sizes of machine 
screws. 
WHAT YOU SHOULD KNOW 
How to charge and care for a storage battery. 
How to use Ohm's law in solving fairly 0 complex 
series and parallel circuits. 
How to test and use all types of capaoitors 
and resistors. 
What happens to current and voltage in a c~r­
cuit when it is tuned through resonance. 
The principles of operation of diodes, triodes, 
tetrodes, pentodes, mercury vapor rectifiers, 
grid controlled rectifiers, and the precau-
tions to be followed in the use of each type. 
Understand the significance of such terms as 
peak voltage, effective voltage, inverse 
peak voltage, low, band and high pass 
filters. 
Understand the meaning of frequency. 
How to draw from memory such basic circuits as 
the basic triode circuit, rectifier cir-
cuit, or oscillator circuit• 
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How to use circuit diagrams to locate troubles. 
How to use the cathode ray oscilloscope and 
interpret the patterns obtained on it. 
How to use voltmeters, ammeters, and ohmmeters. 
How to work safely around highvoltage equipment 
and how to apply first aid in case of 
accident. 
With all that has been said before in mind the 
following three basic concepts are suggested as suitable 
and sufficient to use on the elementary level of ele-
ctronics such as in the junior high. 
I--ELECTRICITY IS A KIND OF FORCE. 
Here is one of the first abstractions which is 
encountered in the study of electricity. The youth of 
junior high age may find it difficult ta. see why it is 
important to regard electricity as a force~ He may be 
content to say that it comes from batteries or from 
light wires and let it go at that. One of the first 
things which must be considered is the ·students· ability 
to grasp this concept. The idea of such a force is 
difficult to grasp because man has no sensory equipment 
for it; it can only be detected by instruments. Like 
the force of gravity it can neither be seen nor heard. 
Like all forces, electricity has direction or 
polarity. Proper consideration of the direction of the 
force must be taken when dealing with it. The reversi-
ble electric motor is an example of direction of force. 
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One of the peculiar and most important facts about the 
direction of force is that electricity can change the 
direction of its force in an incredibly short space of 
time--such as a millionth of a second. If it repeatedly 
changes its direction in a vibrating or pendulum like 
manner this kind of electricity--called alternating 
current--becomes very important in radio. ~hen it vi-
brates very fast it tak.es on the important quality which 
the radio man calls "frequency." 
Since electricity is a kind of force, it will 
be found to vary in strength. It will vary from the weak 
force of the tiny dry cell to the many million volt bolt 
of lightening which dashes across the sky. 
II--ELECTRICITY IS IMPORTANT BECAUSE OF THE EFFECTS IT 
PRODUCES. 
1. Inside conductors it may produce heat. 
2. outside non-conductors it may produce fields. 
III--CIRCUIT COMPONENTS ARE THE TOOLS USED BY THE TECH-
NICIAN FOR CONTROLLING THE FORCE AND EFFECTS 
OF ELECTRICITY. 
1. Resistors. These circuit components are 
special kinds of conductors. They are made of special 
wire or other kind of material and because of their 
ability to restrict or use up the heat effect of ele-
ctricity they can be used to control the force and 
effects of electricity. 
2. Coils. These circuit components are 
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devices for building up a field in a non-conductor. The 
coil is really a spiral of wire which carries electricity, 
and when the electricity is present a field of magnetism 
is present in the space around the coil. This space may 
be occupied by the non-conducting material, air. Or, in 
some cases the space may be occupied by iron-~that is 
the coil is wrapped around a piece of iron. In this case 
the iron seems to make the magnetic field stronger. 
\'Vb.en alternating electricity is present in a 
coil it has the ability. to develop electricity in a coil 
which is separated from it. This is basically the way 
radio works even though the coil in the transmitter is 
hundreds of miles away from the coil in the receiver. 
3. Condensers. These circuit components are 
also the kind which produce fields. A condenser is two 
plates of metal with a non-conductor between them. When 
direct current electricity is applied to the plates the 
electricity cannot pass the non-conducting material. But 
if alternating current electricity is applied, the 
electric field between the plates makes it possible for 
the alternating, current to flow in the circuit. This 
condition makes it possible for the two types of, elec-
tricity to be made to follow the paths chosen for them. 
If both direct and alternating current·are moving down a 
wire the alternating current can be induced to follow 
one path through a condenser and the direct current to 
follow another through a coil. 
4. Radio tubes. Radio tubes are'the circuit 
components which especially characterize the electronic 
circuit, but this does not mean that they are the most 
important. The function of most types of tubes is to 
~mp~ify the very weak electrical field which comes to 
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the other components of the radio. By the time the radio 
wave has reached a receiver it's strength may be only 
a few millionths of a volt. The tubes in a receiver 
amplify this voltage several thousand times. 
DISCUSSION OF THE JUNIOR HIGH CONCEPTS. 
Analyzing this material it is seen that the 
three basic ideas are something about what electricity is, 
something about its effects, and something about the way 
it is controlled, with emphasis upon the idea of circuit 
components as tools. It seems entirely undesirable to 
expect youth of this age to be concerned with ohm's law, 
volts, amperes and resistance, as so many course outlines 
recommend. Neither is emphasis placed on being able to 
define a conductor or a non-conductor or on being able 
to intellectualize on the difference between direct and 
alternating current. Youth who have any contact at all 
with modern living have a certain degree of overt know-
ledge which enables them to recognize some materials as 
obviously conductors. It is better to point out sign-
ificant things such as the idea of ~ertain kinds of 
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conductors being used as tools to control electricity, 
than it is to dull their curiosity by emphasizing the 
obvious. Youth of this age are eager to get ·done some 
of the challengingly marvelous· things which their ex-
panding intellect is opening up to them. Anything which 
they do must off er the promise of immediate rewards. 
It is also to be noted that the basic concepts 
here outlined is not a course outline. Nor is it a com-
plete and adequate discussion of the basic principles. 
It is only a condensed list of ideas which youth need to 
acquire very early in .his electronic experiences through 
demonstration, experimentation, reading or other ac-
ceptable methods. 
BASIC IDEAS FOR SENIOR HIGH ELECTRONICS 
I--A way to think about electricity based on algebra. 
A--Measurement of electricity. Comparison of elect-
rical and mechanical measurements. The volt as a measure 
of electrical force. Potential difference and voltage 
drop ideas. Rules about how to add voltages. Amperes 
as a measure of current. How to add amperes. Resistance 
as a measure of the property of a material. The ohm as 
a unit ·or measure. How to add series and parallel cir-
cuits. 
B--Ohm 1 s law. How volts, ampers and ohms are re-
lated. How this relationship may be expressed mathmati-
cally. How this mathematical relationship may be used in 
the control of electricity. 
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II--Resistors as a way to control electricity. 
A--How to test and measure resistors. Use of the 
ohmmeter. •. 
B--Purposes and uses of resistors. Use of ohm's law 
to determine the size of resistors. Use of resistors to 
divide voltage. Use of the voltmeter. Use of resistors 
to limit current. Use of the ammeter. Behavior of direct 
and alternating current in resistors. 
III--Coils as a way to control electricity. 
A--How to test and repair coils. 
B--Purposes and uses of coils. Coils as a way to 
develop magnetism, and magnetism as a way to develop volt-
age. Introduction to the mathematical idea of inductance. 
Inductance as a way to control alternating current. Coils 
as a way to change voltage. 
IV--Condenser as a way to control electricity. 
A--How to test and measure condensers. 
B--Purposes and uses of condensers. Condensers as a 
way to separate alternating and direct current. Introduct-
ion to the mathematical idea of capacitance. Capacitance 
as a reverse effect to that of inductance.. Time factor of 
a condenser, and introduction to the idea of time in 
electricity. 
V--Tubes as a way to control electricity. 
A--The diode. Purpose of the cathode and plate in a 
tube. Use as a rectifier. 
B--The triode. Purpose of the grid. 
c--Tetrodes and p entodes. Voltage and power ampl i-
f iers. 
D--Special tubes such as the gas filled tube, the 
electron ray tube and the photo cell. 
VI--Frequency as a way to control electricity. 
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A--Meaning of frequency. Behavior of frequency in 
coils and condensers~ How at a certain frequency the 
effect of a coil is just overcome by the effect of a con-
denser and how this point, which is called resonance, may 
be used to tune a radio. Resonance as the one single 
most important concept iri electronics. 
VII--Safe control of electricity. 
A--Saf ety rules. 
DISCUSSION OF THE SENIOR HIGH CONCEPTS. 
Again it is evident that the above outline is not 
a course outline. It is meant to be a selected list of 
basic concepts which are considered necessary for a be-
ginner who is more serious in his interests. It is a 
list which the instructor may use either to direct his 
own study in the field or to serve as a guide in working 
out his own course to fit his own situation. The methods 
of furnishing manipulative experiences in the application 
of these ideas becomes more apparent later in this study. 
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CHAPTER V--METHODS OF APPLYING PRINCIPLES 
A TEACHING AID 
It has been shown that youth needs to achieve 
success in manipulating and controlling for his own 
purposes those unseen, unfelt forces which are electri-
city if he is to be given any opportunity in the school 
shop to have experiences with electronics. And success 
is by no means similar to achievement in the construction 
of a woodshop project. As has been shown, circuit com~ 
ponents are the tools of electronics, and manipulation 
consists in the proper selection, adjustment, and place-
ment of these tools. 
It is possible for the individual to make a 
great many of his own woodworking tools, but no one ex-
pects that he can do as good a job making them as can the 
factory. As for electronics, the individual cannot make 
most of his tools such as variable condensers and resistors, 
and it is extremely difficult for him to build the de-
sired electrical specifications into even the simpler 
components such as coils• Furthermore, these, homemade 
products generally end up as unstable, inferior in qual-
ity as compared to the purchased article. This is not 
generally true of many other types of shop constructions. 
For this reason the use of home-made circuit components 
or even manufactured components in construction projects 
often is a dissatisfying experience for the boy and at 
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the same time fails to stress the important fact that 
circuit components of a satisfactory quality are so ex-
pensive that for most boys the satisfactory construction 
of an electronics project is out of the question. 
All this indicates the need for the electronics 
area to be equiped with an array of circuit components. .. · 
which can be set up into many types of circuits through 
the use of detatchable leads. With this type of arrange-
ment, some problem or task is selected which it is de-
sired that electronics perform. A circuit is designed 
which through the proper selection and arrangement of com-
ponents will make electricity accomplish the task. Mani-
pulation then consists in selecting and arranging these 
components and connecting them properly __with the de-
ta tchable leads. A great many types of circuits may thus 
be set up with the same equipment. 
This array of circuit components should not be 
chosen at random but should be representative of most gen-
erally used components and selected to make possible the 
. 
construction of the majority of fundamental electronic 
circuits. Nor should these parts be left to lie losely 
around the shop. Most of the parts are small and easily 
lost. Furthermore, if they are· arranged in some system-
atic scheme and a method of using the detatchable leads 
designed, the whole purpose of manipulation will be more 
nearly achieved. The design for such an Electronics Kit 
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is found in Chapter VI. 
Instruction in the use of the proposed Electron-
ics Kit will include a description of the construction of 
such a kit which will enable the instructor to build one 
in his own shop, and a series of instruction sheets for 
student. ·use showing how the Kit may be used to teach the 
application of principles. 
DESIRABLE ACTIVITIES FOR AN ELECTRONICS AREA 
!--Planning. 
The electronics area offers the op.portunity to 
introduce the use of symbol drawing--a type of drawing 
somewhat different from sketching or orthrographic pro-
jection or the visual representation of the shape of a 
proposed object. With this type of drawing, conventiona-
lized symbols take the place of pictorial representation. 
In general, the size and position of symbols have very 
little to do with the actual appearance or placing of the 
objects represented. It is the task of the student to 
learn to recognize these symbols, to identify them with 
actual circuit components, and to be able to sketch· in 
these symbols himself in intelligible drawings. 
At least in their beginning practice, youth may 
be encouraged to dispense with the use of drawing instru-
ments for symbol drawing. It is recommended that they be 
expected to draw each circuit they construct whether this 
cirQuit is t.o be.· built on the Kit or as an independent 
project. 
Drawing tools needed are T-square, triangle, 
and radio symbols template. 
Measurements which appear on drawings refer to 
electrical concepts rather than to physical dimensions. 
The following is a list of electrical measurements most 
commonly found on circuit diagrams: 
The Ohm. This is the concept of the ability of a 
material to limit current flow or bring about voltage 
drop or use up power. The two most commonly used pract-
ices for indicating these measurements is to write R1, 
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R2, R3, etc. ( "R 11 standing for "resistance 11 ) beside each 
resistor in the diagram and to indicate the value in a 
subscript, or to write the value of the resistor near it. 
When the la,tter method is used it is common to use some 
form of abbreviation such as 50M for 50 1 000 ohms. The 
megohm, meaning one million ohms, is frequently encounter-
ed in electronics. The tendency at present among some 
engineers is to use decimals of megohms for most large 
resistance values. Thus, O.l meg. means 100,000 ohm, or 
lOOM ohms. The figure =::=: is a symbol frequently used 
to represent the word ohm. 
The Farad. This unit represents the measure of the 
"capacity" of a condenser to accept a charge. In most 
electronic circuits which students will work around, the 
largest capacities will be in the order of a few micro-
farads, one micro-farad being one millionth of a farad. 
The same methods for indicating sizes are used as for 
resistors. Micro-farad is generally abbreviated by the 
letters MF or ,Ai!• and micro-micro-farad by MMF o~. 
The symbol~ ~s the Greek letter form. 
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The Henry. This unit is the measure of the ability 
of a coil to induce a voltage. Coils appear in several 
forms in a radio circuit and therefore there are several 
conventional ways of indicating values. Vilhen they are 
single coils and their purpose is to induce a voltage with-
in themselves they are generally called "choke coils" and 
the conventional method of indicating their value is to 
mark them L1 , L2, etc. on the diagram and to indicate 
their value in henries in the subscript. "L" is the 
mathematician's symbol for the measure of inductance in 
henriea. 
When coils are used in the form of transformers 
they are generally indicated as T1, T2• etc. on the dia-
gram. 
Planning includes the calculation of resistance 
and voltage values which will be needed to meet various 
conditions. For example, suppose a boy wants to use 
two 25 volt tubes in a radio. What value of resistance 
will he have to have in a line cord to drop the voltage 
to fifty volts? This will involve the use of mathematics 
peculiar to electricity which he will learn as another 
activity in this area. 
Planning includes the writing of specifications. 
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For example, it is not enough to specify 11 :1 power trans-
former." The complete specification would be, 
1 Stancer power transformer, #P-6011 
Primary_: 115 vol ts, 60 cycles 
Secondaries: 700 volts@ 7o milliamps, 
center tapped 
5 volts @ 3 amps 
6.3 volts @ 2.5 amps 
PERSONAL CONSTRUCTION PROJECTS 
Some suggested circuits for construction with 
an Electronics Kit are given later, but the Kit as de-
scribed here is versitile enough to make a great many 
other hookups. Besides being used in construction 
practice it may be used by the youth to try out a cir-
cuit in order to iron out the "bugs" before he makes it 
in more permanent form. 
What has been said previously would seem to 
infer that the construction of personal radios is an un, 
desirable activity in an electronics area. But this is 
not the exact interpretation. The construction of a 
personal radio may be unsatisfactory under certain con-
ditions. If an unstable, poorly constructed set results, 
or if the cost is a drain on the boy's budget, tha-ithe 
educative value of the experience is questionable. The 
cost item is very real because it is difficult to con-
struct a set of any size for less than about $15 complete, 
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and if a boy has only that much to spend_ on a personal 
radio he would do better buying a manufactured one. It 
might be better consumer education for him to do so. 
However, if he intends to spend money on building up a 
supply of parts for his own shop the matter of costs is 
a different story. So the construction of personal radios 
is a matter to be dee ided by the· situation. 
On the other hand, there are many types of 
electronic equipment ?lhich the youth may want to const-
ruct. As examples, an attachment to feed a microphone 
or phonograph into the home radio, a public address 
system for the school or club, an electronic timer for 
his dark room, a code practice set, a signal tracer to 
use in repairing radios. 
Mention has already been made of the unsatis-
factory results which are apt to follow the use of poor 
quality or home-made parts. However, a·. us.ed condenser 
or resistor which a friend gives him, or a coil which 
he winds himself may be entirely satisfactory. By 
methods which he will learn on the Electronics Kit he 
can test these parts before he uses them. By acquiring 
parts in this way a boy is often able to build a per-
sonal radio at very little cost. 
EXPERIENC.E IN REPAIRING RADIOS. 
Several types of test equipment may be con-
structe_d on the Kit. With this equipment the youth may 
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receive some experience in the servicing of receivers or 
aligning of superhetrodynes. 
CAUTON 
BECAUSE OF THE VERY HIGH VOLTAGES USED IN 
TELEVISION SETS, IT IS CONSIDERED UNSAFE 
FOR YOUTH IN THE GENERAL SHOP SITUATION 
TO ATTEMPT TO SERVICE OR EXAMINE A TELE-
VISION SET. 
USE OF THE OSCILLOSCOPE. 
There. may be some shops well enough off finan-
cially to have an oscilloscope. In this case the range 
of activities may be greatly increased. The Kit may be 
used to construct circuits which demonstrate visually on 
the oscilloscope the principles ·Of radio, radar, tele-
vision, modulation, and amplifiers to mention only a few. 
USE OF A RADIO TUBE MANUAL. 
The Radio Tube Tuanual is a booklet put out by 
radio tube manufacturers, particularly the Radio Cor-
poration of America, which gives the specifications_ of 
various types of radio tubes. The Manual contains vital 
information about tubes such as filament, grid, and plate 
voltages and socket connections which can be gained in 
few other places. Before a youth gets very far in radio 
he will find it necessary to constantly use and inter-
pret the Manual. 
USE OF AN ELECTRONICS KIT. 
The activities mentioned above are in addition 
to the specific ones involving the use of an Electronics 
Kit. These latter activities divide into two main cate-
gories, the construction of demonstration circuits by the 
instructor to illustrate basic principles, and the con-
struction of electronic circuits by the youth. These 
circuits may be basic ones to illustrate the construction 
of radio, or circuits with which the youth wishes to ex-
periment. 
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-l}PART III--THE TEACHING AID-l} 
CHAPTER VI--CONSTRUCTION OF AN ELECTRONICS KIT 
General Principles of Construction 
The model Kit built for this study is essenti-
ally a selected array of circuit components secured in 
conventient groupings upon a panel and enclosed for safety 
in a wooden chest. 
The parts lits for this Kit represents a sel-
ection complete enough for the making of almost any fun-
damental type of radio up to a five tube superhetrodyne. 
Several schemes for the arrangement of the components are 
possible. The Dne described here is the one which was 
selected for use on the model Kit. The main idea is to 
spread the parts in open view for easy identification, 
to group them in such a way that the most commonly as-
sociated parts will be_ close together (in so far as 
possible), and to provide some means of fastening the 
leads. 
The lighter circuit components are mounted in 
11 breadboard" fashion upon a piece of 1/8" Masonite size 
17 11 x 3011. Fixed condensers and resistors are mounted 
simply by soldering lugs to the lead, then fastening the 
lugs to the Masonite by the use of No. 10-24 brass, 
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roundhead machine screws. Tube sockets are mounted :!:!£.-
~~· That is, the prongs of the sockets are a-
vailable from the top side of the panel, and the tubes 
are inserted from beneath. The reason for this arrange-
ment is that all work on radios is done from the under-
side of the chasis; the working surface of the panel 
therefore represents the underside of the radio chasis. 
Holes 1 3/16 11 dia. are drilled in the panel to admit the 
tube bases. The 8 soldering lugs are fastened around a 
2i 11 dia., circle concentric with the tube base hole, A 
tube is inserted in a socket in order to center the 
socket properly over its entrance hole, and the tube 
socket laid in so that it is in the proper position for 
final mounting. The 8 lugs are soldered with short 
lengths of bare hook-up wire to the prongs of the socket. 
This will hold the tube socket rigid in position with-
out additional support. 
In every case where possible the circuit com-
ponents are to be mounted in such a manner that they can 
be easily seen. For this reason, the antenna coil is 
mounted on the under side of the panel using the screws 
attached to its can. The coil is rendered partly visi~ 
ble by a 7/8 11 hole in the panel. In the case of the I.F. 
coils it is not possible to mount them in the fashion 
just noted because the tops of the cans must be avail-
able for adjusting the small condensers through the 
holes in the top of the can. Therefore, these coils are 
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mounted by cutting the proper size square hole in the 
panel and allowing the top of the can to project an 
inch or so above the surface. Metal brackets are used 
to hold the cans in place. The leads of all coils are 
brought to soldering lugs which are fastened down with 
the brass screws. When it is necessary, as in this 
case, to have color-coded leads beneath the panel, 
they should be brought to the top of the panel through 
small holes so that the color of the leads can be seen. 
It is convenient to mount the four prong coil socket 
on half inch pillars of copper tubing because the plug-
in coil used in this socket is not inserted from beneath 
the panel. 
Variable condensers are mounted in a manner 
suitable to their construction. Variable resistors are 
mounted upon a strip of sheet metal bent into the shape 
of an angle iron. 
The magic eye tube and the neon bulb must be 
mounted so that they are visible from the top side of the 
panel. But it is convenient to have their sockets mount-
ed below the panel. These sockets may be held in place 
by allowing two 2 11 stove bolts to project through below 
the panel and riding tha sockets upon these bolts. Proper . 
size holes must be drilled in the panel above these 
sockets to allow the magic eye tube and neon bulb to 
pass through the panel and enter the socket. 
The model Electronics Kit is mounted.in an oak 
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case measuring (inside dimensions) 30 11 x 22 11 x 5 11 • A 
lid 2 11 deep is used. A 3/4 11 divider 4 3/4 11 high is placed 
along the 30 11 length 17 11 from the front of the case. Up-
on this dividing board the Masonite panel is mounted with 
hinges. The purpose of the hinges is to allow the panel 
to be lifted to insert tubes. The space beneath the 
panel may be used for storing extra tubes. 
Observe that the lV'iasoni te panel is 17 11 wide 
while the case is 2~ 11 wide, and that the panel is mount-
ed on a divider board. This leaves a trough 5 11 wide 
and 5 11 deep along the back of the case. It is in this 
trough that the heavy parts such as transformers are 
mounted. This method allows the parts to be in full 
view, yet avoids mounting them on the comparatively weak 
panel. 
The most important consideration by far is that 
of the method of attaching the detatchable leads. 
Several schemes were tried on the model Kit. It should 
be remembered that the two important characteristics of 
a good electrical joint are that it must be mechanically 
strong and electrically sound. Because of the.very weak 
voltages of the radio circuit the electrical character-
istics of a good radio joint far outweigh the mechan-
ical in importance. Indeed, even in commercial radios, 
a good soldering job is about all that is necessary to 
ensure a satisfactory mechanical joint. In the case of 
of this Kit, where the leads are to be quickly 
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detachable, and where the hookup is only temporary, 
mechanical strength is not very important. But the nec-
iss i ty for a good electrical joint cannot be neglected. 
The method recommended here for fastening detachable 
leads is soldering of joints even though at first it 
may seem that such a method does not fulfill the quality 
of being detachable. 
Recall that brass machine screws are used to 
hold soldering lugs which in turn hold the leads from 
the components. Now, if the slot in the screw is filled 
with solder, the soldering of the leads becomes a r~ther 
simple task. The solder in the slot quickly becomes a 
little pool of. molten solder from the heat of the cop-
per. The end of a piece of hook-up wire is thrust into 
this pool of solder and allowed to cool and within a 
matter of seconds a good electrical joint is made. The 
lead is even more quickly detached by heating the joint 
and pulling on the wire. Soldering is the most frequei:it-
ly used skill of the radio man. It is desirable, then, 
that even in these temporary hook-ups, the student 
secure practice in the art of soldering. 
There are two exceptions to the use of soldered 
connections. The neon bulb and the ammeter are primarily 
test instruments which are to be· used with test prods 
which plug into jacks. The most satisfactory connect-
ions for these instruments are phone tip jacks. 
It is considered unnecessary here to give 
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complete detailed instructions for the construction of an 
Electronics Kit. (' There are many reasons for such a de-
. - . . . 
cision. For one thing, the case used on the model Kit 
is no more than a rectangular box whose characteristics 
may not fit the needs of a particular shop situation. 
Or, the size and shape of components bought at another 
time may not be the same as those used in the model kit. 
Or, after due consideration, the instructor wishing to 
build a comprable kit may find a different selection 
or arrangement of parts is more suitable to his situa-
tion. 
It seems best to indicate through the use of a 
block diagram the general location of the par~s as they , 
were used on the model and allow the individual instruct-
or to make arrangements to suit his bvm convenience. 
such a block diagram is found in Plate I Of the blue 
·prints. 
Referring.to the block diagram the arrangements 
. of parts is as follows: 
Sect ion I -- Pap er condensers 
3-- .001 MF 
1-- .002 :MF 
2-- .006 MF 
3-- .01 MF 
l~- .02 MF 
2-- .1 MF 
1-- .25 MF 
,\;.. 
··l~-.5 MF 
Sect ion II---Fixed resistors 
l--2000 ohms 
l--5000 ohms 
l--6500 ohms 
l--10,000 ohms 
l--20,000· ohms 
l--24,000 ohms 
l--30,000 ohms 
3--50,000 ohms 
2--100,000 ohms 
l--150,000 ohms 
. l-.-500, 000 ohms 
5--l me_gohm 
2--2 megohms 
Section III--Fixed mica condensers 
2~-100 MMF 
l--250 MMF 
Section IV--Tube sockets Nos. l, 2, and 3 
Section V--Air core coils 
1--anteruia coil 
I 2--I.F. transformers 
1--0scillato~ coil 
'. 1--Four prong socket for plug-in coil 
2--Radio Frequency Chokes 
Sec.tion VI--Variable condensers 
1:-Two gang broadcast band variable, 
'71. 
1--padder variable 
Section VII--Audio Frequency output 
1--Interstage audio frequency transformer 
1--Universal output transformer 
1--Loudspeaker 
1--Phone jack 
Section VIII--Fixed paper condensers 
1-- .006 MFD 
3-- .ol MFD 
2-- .02 MFD 
2-- .05 MFD 
1-- .1 MFD 
Section.IX--Fixed resistors 
1--150 ohms 
i.:.-200 ohms 
1--300 ohms 
1--1200 ohms 
1--3000 ohms 
1-.-5000 ohms 
1--10000 ohms 
l;_-20000 ohms 
1--30000 ohms 
1--39,000 ohms 
2--50,000 ohms 
1--100,000 ohms 
1--330,000 ohms 
l'--400,000 ohms 
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1--500,000 ohms 
1--750,000 ohms 
5--1 megohm 
1--5 megohms 
1--~6 megohms 
Section X--Tube sockets Nos. 4 and 5 
Section XI--Power supply 
1--Power supply transformer 
1-~15 henry choke 
1--25000 wire wound resistor 
Section XII--Electrolytic condensers 
2--50 MFD, 50 volt 
-
1--16 .MFD, 150 volt 
1--12 MFD, 350 volt 
1--10 MFD, 25 volt 
2--8 MFD, 450 volt 
Section XIII~-Variable resistors 
1--50,000 ohms 
l-•500,000 ohms 
· 1--2 megohms 
Section XIV--Test equipment 
1--magic eye tube 
1--neon bulb 
1--Milliammeter 
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When mounting these circuit elements provision 
should be made for running a one-half inch strip of tin 
a~ong the middle of the panel to be used as a ground or 
common return. 
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PARTS LIST FOR ELECTRONICS KIT 
Quant. Spec if ica t ions 
3 .001 MFD, 600 volt. 
1 .002 MFD, II II 
3 .006 MFD, II II 
6 .01 MFD, II 
" 
3 .02 MFD, II 
" 
2 .05 MFD, II 
" 
3 .1 MFD, If II 
. 1 .25 MFD, II II . 
1 .5 MFD, II II 
Mica Condensers 
. 2 100 MMFD .. 
1 250 MMFD 
Electrolytic Condensers 
2 50 MFD, 50 volt 
1 16 MFD, 150 volt 
1 12 MFD, 350 volt 
1 10 MFD, 25 volt 
2 8 MFD, 450 volt 
Variable Condensers 
' .,M• ~ 
1 365 MMFD, 2 gang 
1 30 MMFD, padder 
. . 
. 
1 
1 
1 
1 
1 
1 
1 
2 
Quant. 
1 
l' 
1 
1 
PARTS LIST FOR ELECTRONICS KIT (CONT'D) 
Coils 
Meissner Oscillator 
Coil, 14-3732 
Meissner Antenna 
Co_il ,· 14-1024 
Meissner Input I. F. 
. Transformer 
Meissner Interstage 
I.F. Transformer 
Power Transformer 
Stancer, P-6011, Pri. 
115 V, 60 cycle, Sec. 
700 C.T. @ 70 MA, 5 
V. @ 3 amp, 6.3 V@ 
2. 5 amp. 
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Universal Output Transformer, Stancer A-3870. 
Universal interstage 
Transformer, St~ncor A-4775, 3;1 ratio 
Radio Frequency Chokes 15 millihenries. 
Resistors 
Specifications 
150 Ohm, 1 watt, carbon 
200 II II II 
300 II II II 
1200 II II II 
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PARTS LIST FOR ELECTRONICS KIT (CONT'D) 
Resistors (Cont'd) 
Quant. Specifications 
l 2000 Ohm~ l watt, carbon 
. ' ~ . . 
l 3000 II II It 
·2 5000 II II It 
1. 6500 II II II 
2 lOM II II II 
2 20M II II II 
l 24M II . II 
" 
2 30M II 
" 
II 
l 39M II II It 
5 50M II II II 
3 lOOM It II It 
l 150M II It II 
l 330M It II II 
l 400M II It 11 
·2 500M II It 
" 
l . 750M II II II . 
10 l Megohm II II 
2 2 II II II 
l 5 II 11 II 
l 10 
" 
II II 
Tubes 
l 6SK7 
l 6SJ7 
1 
25 
25 
25 
25 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
6 
1 
2 
1 
1 
1 
1 
box 
1 
ft. 
ft. 
ft. 
ft. 
PARTS LIST FOR ELECTRONICS KIT (CONT'D) 
Tubes (cont 1d) 
6SQ7 
6V6 
117L7 
5V4-G 
- .. 
6E5 
"~· . ~ 
6J5 
6SN7 
150VR 
Neon bulb 
Miscellaneous 
3 11 permanent magnet loudspeaker 
8 prong tube socke~s 
4' prong tube sockets 
4 prong coil forms 
telephone jack 
Pair headphones with jack plug 
Single throw swi~ch 
Jewel pilot light 
1/4 amp. fuses with clip 
0-1 Milliammeter 
Red hook-UP' wire 
Blue hook-up wire 
Green hook-up wire 
Black hook-up wire 
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25 ft. 
2 gr. 
1 lb. 
1 
1 
1 
1 
1 
PARTS LIST FOR ELECTRONICS KIT (CONT'D) 
Miscellaneous (cont'd) 
Yellow hook-up wire 
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No. 10-24 Brass Machine screws, round head 
No. 32 d. c. c. magnet wire 
25000 ohm. wire wound resistor 
50000 ohm. volume control 
500, 000 II 
2 Megohm 
II 
II 
II 
II 
Masonite pan;el 17 11 x 30 11 
Two shop wound coils, using the four prong coil 
forms are needed, one for 456 kilocycles, and one for the 
band of 500 to 1500 kilocycles. For construction details 
see the current issue of the American ·Radfo Relay League's 
annual publication, The Radio Amateur's Handbook. The 
chapters on receiver construction and measurements will 
give the necessary information. 
The cost of the material in this list should be 
less than $70.00. 
CHAPTER VII--IlJSTRUCTION SHEETS FOR 
PROJECTS USING THE ELECTRONICS KIT 
79. 
In this chapter a number of radio circuits are 
presented which may be built on the Electronics Kit. A 
great many others may also be built so that these are only 
illustrative and suggestive. 
' A number of instruction sheets are also presented 
in form suitable for use in the school shop. It is not 
to be inf erred that the material presented in this chapter 
constitutes an electronics course. Rather, it is meant 
to be suggestive of the many ways in which an Electronics 
Kit may be helpful to the instructor. 
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INSTRUCTION SHEET ONE 
Some '.,lcleas on How to Build Radios. 
Your instructor has shown you that electricity 
is a kind of force. It may be.difficult for you to under-
stand at first how the force of electricity may make a 
radio wave travel through the air for hundreds of miles. 
But you do understand the force of gravity. You have 
seen that force work for as long as you can remember. 
You know that as high as any man has been able to throw 
or shoot, the· force of gravity has always brought the ob-
I ject back to earth. But you have also read stories about 
the world of the future and about interplanetary travel. 
If so, you probably know that when an 'object gets far 
. . 
enough away from the earth the force of gravity gets weak-
er and weaker until finally it stops having any control 
over the object. A radio wave acts something like this; 
it becomes weaker and weaker the farther it gets away 
from the sending station. A hundred miles away it is very 
we~k indeed. So one job of a radio receiver is to pick 
up this very weak radio wave and boost up i~s strength 
to the point where it can operate a speaker. 
Your instructor has also pointed out to you 
that electricity is a force which points in some kind of 
direction. He has also shown you that this force can 
point first in one direction and then in the opposite 
and keep on swinging back and forth like the pendulum of 
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a clock. When it makes these changes rapidly it is called 
alternating current. The electricity in our lamps vib-
rates about 60 times a second which is rather slow com-
pared to radio wave. For a radio wave is alternating 
electricity which changes as rapidly as a million or 
more times a second. Vibrations as fast as this may seem 
pretty fast, but a millionth of a second is a pretty 
long time for radio waves. There are some radio waves 
that vibrate at a speed of 50,000 megacycles. This 
means that the radio wave vibrates at the rate of 50,000 
times in one millionth of a secondJ 
The sounds we hear are also a kind of vibration. 
But they are vibrations of the air instead of electrical 
vibrations. We have no way of hearing electricity vib-
rate unless it makes some piece of machinery vibrate and 
we listen to the machinery. This is the job which the 
loudspeaker or e.arphones_ does. Electricity from the 
radio wave makes the diaphram of the speaker vibrate. 
So the second job of a radio is to change a radio wave 
into the kind of electricity which can make the speaker 
vibrate in such a way that we can hear the music. Thus 
you see that the radio must handle two kinds of vibrat-
ing electricity. First, the radio wave coming from the 
broadcasting station which is called radio frequency. 
Second, the kind which can be turned into sounds and 
which is then called audio frequency. 
When you construct radios on the Electronics 
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Kit you will use green colored wire for the paths which 
the radio frequency takes and blue colored wires for 
the paths which the audio frequency follows. This will 
help you to keep track of where each kind of electricity 
ought to be when you get all of the many confusing wires 
in place. 
Your instructor has shovm you the main parts 
of a radio tube. There are the cathode, .the plate, the 
grids, and the filament. As you probably know, the job 
of the filament is to heat up the cathode. Then, if a 
strong force of electricity exists between the plate and 
the cathode electricity will flow in the tube. Then, if 
some weakly vibrating electricity, such as a radio wave 
is applied to the grid it comes out of the plate of the 
tube many times stronger than when it entered. 
You have to supply this strong force of ele- · 
ctricity for the cathode and plate from a power supply or 
'What is called a "B" battery. To the radio.man a 11 B11 
battery means a battery which can supply a large voltage 
such as 45 or 90 volts. The kind which comes from a 
power supply is 300-400 volts, which means it is 3 or 4 
times more powerful than the kind which come~ frofu a 
light socket. So bewareJ For the connection which runs 
from "B.J. 11 to the parts of the radio you will use a red 
covered wire. This is to remind you not to touch any 
part of the circuit near those wires when the set is 
turned on. 
/ 
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You have also been shown that every circuit 
must have a complete path for the electricity to travel 
in. This means that all parts used must have at least 
two sides, one the 11high 11 side and the other the "ground" 
side. Wires from the ground side are called return, or 
return to ground wires. You will use yellow colored 
wires for this part of the circuit. 
For the part of the circuit which plays such 
a little part in the operation of a radio we will use 
black wires. These are wires which carry the electricity 
used to heat the filaments. 
There is one important rule to remember about 
placing these various wires. Try to keep the various 
colors of wire grouped together. Take the trouble to 
place the wires neatly so as to keep each color of wire 
pretty much in a sort of bundle. If you do not do this, 
the kind of electricity flowing in one wire may cause 
"feedback" effects into other wires. Feedback-will pi:-o-
duce lots of strange squealing noises in your speaker. 
One of the toughest problems at first is to 
f igtire out how to hook up a tube socket. To do this 
you really need a tube manual. The first thing you do 
is to locate the tube you are using in the tube manual, 
then carefully examine the diagram. Suppose you were 
using a 6J5 tube. In the tube manual you would find a 
diagram looking something like this, Fig. l. 
The numbers around the outside ref er to the 
. 
I 
pins on the tube which connect to the parts 
on the inside. Thus, the No. 3 pin connects ' 
to the plate, ihe No •. 5 to the grid, an~~ 
the Nol 8 to the catho<;le ,. and Nos. 2 and 
, ·~' 
7 to the f ila.ment. Now look at the bottom 
of an "octal" t~be. You will see a black 
bakelite knob in the center of the base 
with a little notch or key.alorig one 
side. Around this knob are 8 metal pins.: The ·.:bott.om .of 
the tube looks something like Fig. 2. 
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The numbers of the pins are 
counted by beginning.with the first one 
to the left and counting in a counter 
..; -
• clockwise direction. Now, if you will 
insert a tube in a tube socket you will 
be able to·''pick out the key and from 
this be able to count around and locate 
the prong on the tube socket which will 
connect with the proper element of the 
tube. 
F,·:1. 2 
Now take an example to show how these things 
. . 
are figured out. In ·the circuit diagram of Fig. 3, 
which is .only part of a radio~, audio frequency elect-
ricity is to leave the plate of the 6J5 tube and go to 
~he grid of the 6V6 tube. 
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With a little study you will not have too 
much difficulty figuring out where to put most of the 
wires of most· radio· circuits, even rather complicated 
o~es. There is one thing to remember. Some radios use 
a few of what are called "electrolytic"' condensers. 
This is a big sounding word for a special kind of con-
denser. The important thing to remember is that they 
must be placed in the circuit in the.right direction or 
. . ' "' -
r· ~· ·.~r. 
they will be ruined. Never use them·on·the alternating 
.kind of electricity. And when used on the direct kind 
of electricity or the kind which always points in the 
same direction, this electricity must always point 
. - . 
through the condenser in the right direction. This means 
that the "positive" side of a battery must be connected 
with the "positive" side of the condenser, and the 
"negative" side of the battery with the "negative" side 
of the condenser. 
·rn a radio diagram electrolytic condensers 
are always marked showing a plus and a minus. Be sure 
that -the condenser goes into the circuit in this way. 
Have the instructor check your connections to.make sure 
you have made no mistake.. In fact, you sh'i)uld have the 
instructor check.after you have completed using· each 
color of wire·· and just before you turn on the switch. 
This may keep you from burning out some valuable part 
of the radio. 

INSTRUCTION SHEET TWO 
How to Build a One Tub'e Radio on the Electronics Kit 
see Blue Print Plate II · 
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If you live within 20 to 25 miles of a radio 
station you may want to build this little radio for your-
self once yo~ have seen how it works on the Electronics, 
Kit. But to build it on the Kit you need first to study 
the kind of tube which _the diagram calls for. 
You see that a 6SJ7 tube is used. The radio 
tube manual shows that the filament iS'at pins 2 and 7, 
the "control" grid at pin 4, the "screen" grid at pin 6, 
the "suppressor" grid at pin 3, the plate at pin 8, and 
the cathode at pin 5. 
Begin hooking up the radio frequency part 
first. The radio wave comes into the antenna down through 
the little padder condenser. Fasten the antenna to one 
side of the padder. Then take a green wire from the 
other side of the padder to one side of the tuning con-
denser. Then continue a green wire to one side of the 
big winding on the home-made coil. Continue with the 
green wire to one side of a one megohm resistor. From 
the same side of this resiter take a green wire to one 
side of a 250MMFD mica condenser. Now from the other 
side of this condenser and resistor run .a green wire to 
the No. 4 prong of the tube socket. Use one of the 
tube sockets on the left side of the Kit. This completes 
the path of the radio frequency wave. As it goes through 
the tube it ·turns into audio frequency electricity. So 
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we will next hook up the audio frequency part-of the 
radio. 
Using blue wire, run a lead from pin No• 6 to 
one side of the small winding of the coil. Run another 
blue wire from the other side of this winding to the 
middle prong of the 50,000 ohm volume control. Note: 
this kind of a radio i~ called a "regenerative" detect-
or radio. The coil you have just hooked up takes some 
of the radio wave and sends it back through the coil in 
which the wave first entered and helps make i~ strorig~r~ 
If your radio does not work when you first turn it on, 
- . 
try changing the connections to this coil-~reverse the 
leads as the radio men say. 
We said a moment ago that the audio ~requency 
electricity comes out of .the plate of the tube. The 
trouble is that radio frequency electricity from the 
antenna does too. We would not want this latter kind 
to go to our earphones. Lucky for us we hav~ a way to 
get rid of the radio frequency el~ctricity, because this 
kind will flow through a small condenser but will not 
flow through certain kinds of coils called ra~io freq~ 
uency chokes. So we run a blµe wire (blue because the 
,radio f requ~ncy electricity runs in the same wire too) 
from the No. 8 prong of the tube socket to one end of a 
radio frequency choke and a· green wire from the same end 
of the choke to one side of a 100 MMFD mfca condenser. 
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Now take a yellow wire from the other side of this con-
denser.and connect it to ground. In this way you separate 
,, 
the radio frequency electricity from the rest of the 
set and let it waste itself in the ground. 
The audio frequency electricity now goes on 
through the radio frequency ch?ke and we are ready to 
listen to it in our headphones. But look at the circuit 
diagram at this point. You can see that if we did not 
do something to stop it ,the audio frequency. would go 
right on into our "B" battery and would be wasted there. 
But we can play the same tricks with audio frequency 
that we can with radio frequency. We can keep it from 
going through one path by using a choke and send it 
through the.other path by using a condenser. The diff-
erence is that we must use a different size choke and 
condenser. We use one half ?f the audio frequency trans-
former for the choke and a ~lMFD paper condenser. Now 
you should be able to figure out from the circuit dia-
gram how to malce the audio frequency go through the 
headphones and not through the battery or. power supply. 
There are only two paths for which red wires 
should be used on this radio. One goes from B~ to one 
. side of the audio frequency choke--the opposite side 
from the one connected with a blue wire. This connect-
ion allows the Bf electricity to go to the plate of 
the tube. The other red wire goes from B~ to one side 
, 90 • 
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of the 50 1 000 ohm volume control. 
The yellow return wires all go from one side 
of the various parts of the radio to the strip you find 
running down the middle of the board. This strip of tin 
is the ground of the Electronics Kit. In other radios 
it is the metal base on which the radio is built. It 
should not be difficult to follow these connections. 
Yellow wires are run from the unconnected sides of the 
-large coil winding, the turning condenser, the volume 
' --
control, the headphones, and prong No. 5 of the tube 
socket. In addition B- must be connected to ground in 
'--
order to put the high voltage electricity between cathode 
and plate of the tube. 
This radio uses the 6 volt windirig of the power 
transformer to light the filament. Now run black wires 
from the transformer to prongs No. 2 and 7 and the wir-
ing of your radio is complete. 
When you turn on the switch you probably will 
not get a station at first. But .if there is a singing 
hum in the-earphones it shows that your radio is alive 
and will probably bring in a station if everything is 
adjusted correct~y.. Begin tuning by turning the 
tuning condenser through its range. When you strike 
a station you should hear a squealing noise. If you do 
not, try moving the volume control back and forth while: 
tuning the condenser. .Also, try different settings on 
the padder condenser.· Once there is indication.of some 
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sort that you are near a station adjust each of these 
parts until the station comes in clearly. 
In case you would like to build one of these 
radios for your room you could do it for about $5 by 
using a few promotion tech~~ques. That is, by making 
, 
a few contacts with other people who· are interested in 
.. 
radio you can often get some parts for little or noth-
ing. Cultivate the friendship of such people as your 
.1.. 
neighborhood radio service man or some radio amateur. 
These people often can show you how to get hold of old 
parts which are worthless to other people but valuable 
to you. A tuning condenser is a good example. Old 
out of date radios generally have perfectly good tun-
ing condensers which would be a very expensive item for 
you to buy. Probably about $2 for one item alone. So 
from old radios you can get tuning condensers, tube 
sockets, wire, etc. Things like paper condensers and 
resistors you should buy new. 
The advantage of building this set on the Kit. 
before you think of building it for yourself is that 
you will be in better position to decide what is wrong 
; 
with your own set in case it.does not work. Furthermore, 
you will be in better position to judge how a good 
radio ought to be built. You will be able to test any 
used parts befo~e you use them. 
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INSTRUCTION SHEET THREE 
HOW TO BUILD A POWER SUPPLY 
See Blue Print Plate III 
As we have already discovered, a radio receiver 
takes a weak radio wave and boosts it up until it is 
strong enough to operate our speakers or headphones. 
This means that part of. the j6b of a radio is to supply 
. . . 
the extra strength which the radio wave acquires. When 
building the one tube radio you discovered that t:v10 
kinds of electricity were supplied by the power supply 
to the tube, high voltage 11B11 battery electricity and 
low voltage electricity for the filaments. Sometimes 
we use a battery to supply the voltages for some kinds of 
radios such as portable jobs. In the long run it is 
cheaper to make a power supply which can be plugged into 
. 
the light socket. You can learn how to-make a power 
supply on the Electronics Kit. 
}11any tubes require about 300 volts on the 
plate. This is about three times the voltage of the 
light socket. So one of the jobs of a power supp~y is 
to change the voltage taken from the light socket. 
Change in voltage is accomplished by means of 
a transformer. Transformers are made by winding two or 
more coils of wire·.around a piece of iron. Into one 
coil, called the ·primary, we put the electricity from the 
light socket. From the other coil, called the secondary, 
.· 
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we take out the electricity we want to use. If the secon-
dary coil has more turns of wire than the prim~ry, the 
output voltage is higher than the input voltage. If the· 
secondary coil has fewer turns than the primary the out-
put voltage is less than the input. The power transform-
. . . . . . 
er on the Kit has three secondaries, one high voltage, 
one six vol ts; and one five vol ts. The high voltage 
secondary must haVie a center tap, that is, a lead which 
goes to the center of the secondary coil. 
In order to change the alternating electricity 
from the transformer into the direct current kind used 
in the tubes, a rectifying tube is necessary• The ends 
of the high voltage secondary are fastened to the two 
plate.a of the rectifying tube. Without going into a 
long discussion about' cycles and things, the important 
thing to remember about power supplies is that the 
cathode of the rectifying tube is where B~ is found 
and the center tap of the high. voltage secondary is the 
point of B-. The diagram of Fig. l gives you a pic.tur.e 
of how electricity moves through a power, supply and a · 
radio. 
Fi_g, I 
'' 
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A rectifying tube causes the alternating 
·electricity to point its force always in' one direction, 
. , 
but it does not smooth out the bumps. If we were to 
... 
take direct current straight from the .tube we would get 
.. 
a loud hum in our speaker, but no music. In order to 
smooth out the bumps we must use a filter. A filter 
generally consists of two condensers and a coil• The 
_, .. 
diagram of Fig •. 2 will show how .a filter is fitted 
into the scheme of a power supply~ 
I 
FfJ· Z. 
,c:lrer · 
' I +· I 
I 
I 
- ...:. _J 
Sometimes a bleeder resistor is connected 
' 
across'. t_he output of a power supply. The bleeder re-
sistor· will have a tap which can be moved along and 
stopped at various places. You can get different volt-
ages from each location of the tap. This idea is useful 
where less than the entire output voltage is needed. 
At first glance the wires leading from.a 
power transformer may look pretty confusing. In reality 
they will be color-coded. Black is for the primary wires, 
green for the 6 volt secondary, yellow for the 5 volt 
secondary, red for the high voltage secondary and red 
with yellow tracer for the high voltage center tap. 
Following the circuit diagram in the blue 
print it should not be difficult for·you to hook up a 
power supply~ 
It is interesting to know that when you buy 
anything but a battery powered radio, actually you 
are using one tube less than the advertisers claim. 
One tube is used in the power supply. So in a five 
tube radio, one tube is used in a power supply and 
four in the receiver proper. 
95. 
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INSTRUCTION SHEET FOUR 
...... 
\. 
An Audio Frequency Oscillator 
See Blue Print Plat IV 
An audio· oscillator is a circuit which makes 
a continuous tone of a single note. Another way to 
say it is that an osc~llator generates electricity 
which vibrates at a speed which can be heard like a 
single note on a piano. oscillating is a word which 
means about the.same thing as alternating or vibrating. 
' If an oscillator makes only one tone you may 
wonder what good it is. As a rule most people don•t 
get greatly interested in audio oscillators until they 
are bitten by the radio bug. One of the first uses of 
an oscillator is in learning the code. 'Code, as you 
can easily tell by tuning in the short wave bands of 
your home receiver, is· much used for some forms of 
communication. If a boy has ambitions to become a radio 
amateur or to earn his living as a radio operator, one 
of the best ways to get started is to build an audio 
oscillator and learn the code. 
Oscillators form the basis of one kind of 
radio trouble shooting. You can take the output of an 
oscillator and feed it into various places about a re-
ceiver. When the radio is working you can hear the 
oscillator tone in the speaker. When you get to a place 
where you don•t hear the tone you have found the 
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general location of the trouble. 
- I 
Audio oscillators also give you a pretty good 
idea of how broadcasting stations work. The main dif-
ference between an audio oscillator and the broadcast-
ing station is the size and the fact that your oscil-
lators sends out vibrations at the rate of a few 
hundred a second while the station sends them-out at 
the rate of a million a second. 
The basic principle on which an oscillator 
. ,, 
operates is that some of the electricity which comes 
out of the plate of a tube is fed back into the grid. 
~hen this electricity is fed back in the proper direct-
_ion it "sustains" the oscillations as the radio man 
says. One of the advantages of first building an audio 
frequency instead of a radio frequency oscillator is 
that you can hear it when it works. 
Looking at the diagram· of the oscillator you 
see that the electricity coming out of the plate of 
the tube has to go through one side of a transformer. 
This causes some of the audio frequency electricity to 
appear first in the other coil of the transformer and 
then on the grid of the tube. Now, if you happened to 
get the bottom side of the coil fastened to the grid 
instead of the top side; the direction of the feed-back 
would, be wrong and the oscillator would not produce a 
tone. 
Do not use too much plate voltage to operate 
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the oscillator. Put the tap on the bleeder resistor of 
the power sup~ly at its lowest point. About 20-30 volts 
is sufficient. 
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INSTRUCTION SHEET FIVE 
.. 
TESTING AND MEASURING 
One of the first things you will discover in 
your experiences with electricity is that you need some 
way to test your circuits. You build a radio and it 
doesn•t work. What do you do? You look and look and 
as far as you can see there isn•t a thing wrong with it. 
The trouble is, of course, that you cannot see ele-
ctricity so there is no way to tell whether it is 
getting to the points you want it to get to without 
using something which will show when the circuit is 
working. 
One of the.simplest of testing devices is the 
test lamp. The test lamp will show when a circuit is 
complete. It is an ordinary light bulb which can be 
put in series with some part of the circuit by the use 
of test prods. When the circuit is complete the lamp 
will light. 
Such test methods are satisfactory only for 
the most simple kind of circuit. A test lamp draws 
too much current to be used on most of the delicate 
parts of a radio. A test which is similar but does not· 
draw so much current uses a neon bulb in place of the 
lamp bulb. A neon bulb is a lamp containing a little 
neon gas and two metal plates. When electricity is 
applied one plate glows if it is direct current, or 
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both plates glow if it is alternating current. The neon 
bulb is thus a circuit continuity test and a test for 
alternating or direct current. The neon bulb test is 
a quick, easy, safe way to test whether there is a volt-
age on the plate of a tube. A neon tube is found on 
the Electronics Kit. You should plug the test prods 
into it•s jacks and experiment with it as a testing de-
vice. 
The neon bulb will not light on low voltages, 
nor can you use it to tell the number of volts in the 
circuit. The voltmeter is a more satisfactory device 
than the neon bulb. The voltmeter can easily be damaged 
unless you know how to use it. The Electronics Kit has 
all the parts which make up a good voltmeter, and the 
following instructions will show you how to make one 
and use it. 
The meter part of a vo1tmeter is made out of a 
tiny coil which turns on a shaft between the poles of a 
magnet. Fastened to the shaft. is a little spring about 
like the hair spring of a watch which tends to keep the 
coil from moving. But when electricity is put into the 
coil, the force of the electricity presses against the 
force of the spring and the coil turns. If we put a 
needle on the coil we can watch it turn and thus get an 
idea of how many volts are being measured. The distance 
the needle moves gives a measure of the force of the 
electricity. 
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The wires in this coil are very tiny. Very 
much electricity would damage such a coil. So one ad-
vantage of such a meter is that it can measure very small 
electrical-forces. In order to make it possible to 
measure large v.ol tages you must put a resistor in series 
with the meter. You can do this because the action of . 
. . 
a resistor is to use up electricity. The resistor in 
series uses up most of the force of the electricity so 
. . . 
. that only a small amount is left to move the needle. 
The meter you have on the Kit requires a 10~0 
ohm resistor for each volt that you expect to measure. 
. . . 
If you used a 1000.ohm resistor and measured one volt 
the needle would swing all the way across the dial to 
read 1. This is what radio men mean when they say that 
a meter has 1000 ohms per volt sensitivity. The needle 
gives 11full scale deflection" under the force of 1 volt 
when a 1000 ohm resistor is used in series. If the 
needle goes .. only half way across the dial you are measur-
ing t volt. If you were to try to measure 2 volts the 
needle would slam against the.other side of the dial and 
likely would be damaged. If you tried to measure plate 
voltage using a 1000 ohm resistor the meter would be 
burned out. 
The way to measure larger vol tag_es is to. add 
1000 ohm to the meter for each volt you expect to measure. 
The output Of the power supply system (direct current) is 
a:bout 300 volts. Therefore, you would need to use a 
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300,000 ohm resistor. But it is always best to use a 
much larger resistor so as to play safe. For large volt-
ages use a 1 megohm resistor. You could measure 1000 
volts in this way. Then if the needle went only as far 
as .3 on the dial you would know that you were measuring 
300 volts. 
Most of the voltmeters you may be using are 
built on this principle except, that they have a switch-
ing arrangement to make it easy to change resistors. 
Now you should make the voltmeter show in Blue 
Print Plate V and try measuring the voltages on some of 
the radios you are working with. As you use the meter 
you will soon discover that the needle can move in only. 
one direction. You will also _find that you have to place 
the test prods on the voltage you are measuring ~n.the 
right direction in order to get the needle to move. You 
will probably notice that sometimes the needle tries to 
move backwards but is prevented from doing so by the 
stop on the side of the dial. Ythen the needle tries to 
move backwards you have placed the test prods to the 
voltage backwards. It is customary to use a red wire 
and test prod on the positive side of the meter •. So if 
the meter does not read "up-scale" it means that you have 
placed the red prod on the negative side of the voltage 
you are reading. 
In using this meter you will also discover that 
you cannot measure alternating cur:rent with it •. One 
way to measure alternating current is through the 
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use of a vacuum tube voltmeter. Blue Print Plate VI 
shows a vacuum tube voltmeter. This voltmeter can even 
be made sensitive enough to measure some of the weak 
- radio waves as they first hit your receiver. The only 
-trouble with it is that it is not calibrated so that 
I . 
you have no real idea of how much voltage you are meas~!-
ing. (To 11 calibrate 11 a voltmeter means that you measure 
a voltage at the same time with two voltmeters, one 
knovm, a_nd one unknown; then you mark the unknown so · 
that it reads the same as the known.) 
Suppose you wanted to use some unmarked resis-
tors to make a voltmeter. Without knowing the value of 
the resistor you would have no way of knowing how much 
voltage you·were measuring. This is one of many cases 
where it would be valuable to know how to measure a re-
sister. There are many kinds of meters for doing. this 
job, but one of the handiest works very much on the 
principle of a voltmeter. That is, suppose we had an un-
known resistor in the meter. ' If the needle went over 
to 1 when one volt is applied we would know that it was 
a 1000 ohm resistor. 
The main difference between an ohmmeter and a 
voltmeter is that an ohmmeter has a voltage source built 
in as a part of the circuit. In order to get different 
ranges on the ohmmeter additional resistors are used in 
series or in shunt with the meter. 
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You may construct a model ohmmeter on the Kit 
by using a li volt dry cell, various known resistances, 
and the meter in series with unknown resistances. The 
following table will help you interpret the reading you 
get. 
METER READING 1500 ohm known 15000 ohm.known 
then unknovm then unknown 
will·be will be ~75 500' ohm 5000' ohm ~ 6' 1000 II 10000 II 
~43 2000 II ·20000. II 
.23 5000 II 50000 II 
One very important rule to remember in the 
use of a o'hmmeter: If you use the ohmmeter on a radio 
when the set is turned on,- the voltage from the radio 
will add ~p w~ th the voltage in the ohmmeter and burn 
out the meter. 
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INSTRUCTION SHEET SIX 
Service and Repair of Elec~ronic Equipment. 
In the last.analysis there can be only two 
thihgs wrong with any electronic circuit which has work-
ed once. Either some part has become damaged, or some 
of the joints no longer conduct. The main problem of 
the radio service man is to decide from the symptoms 
whether the trouble is from defective parts or poor 
.. connections. 
You will not find all the many ways to service 
radios discussed here, but by using the Electronics Kit 
you can learn some of the principles which will help 
you get started at work of this kind. 
THE SUBSTITUTION METHOD 
If a condenser or a coil or other part of a 
radio is damaged one of the simpliest ways of servicing 
is the substitution method. If you use a good part in 
place of a bad one and the radio works you have of course 
. . 
located the trouble. The Kit with its large selection 
of radio parts makes it possible to substitute for 
almost any of the-parts in most radios. In most cases 
you will find it necessary to unsolder the part from the 
set before you try a substitute. The substitution can 
generally be made by using test prods from the Kit to 
the points in the radio which you wish to place the 
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substitute. 
The sight test and the "sniff 11 test are often 
used. If you find a swollen condenser, a brown, pealing 
resistor, some part with the wax melted out, some coil 
that smells as though it has been afire, you will have 
discovered a good po int at which to begin working sub-
stitutions. 
CIRCUIT.TRACING METHOD 
This method requires that you have the circuit 
diagram for the radio. You get th~se circuits from 
. ~ 
such books as Rider's Manual or from Radio News Magazine 
or from the manufacturer. You can do a certain amount 
of circuit tracing by using a radio tube manual but 
it is not so ha1ndy. 
Build the volmeter as described in Instruction 
Sheet Five. Using the circuit as a guide go to the 
various parts of the set and see whether the voltage 
measures what it is supposed to measure according to the 
manufacturer•s information. If the voltage is different 
from what it is supposed to be try to figure from the 
circuit diagram what is wrong. Here is an example of 
how it is done. Consider the part of 
a radio circuit in Fig. 1. Assume 
the plate voltage is supposed to read 
300 volts, but it reads zero or very ; . 
close to zero. Looking at the 
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diagram you see a condenser between plate and ground. 
. . 
If this condenser were shorted it would allow all the 
plate current to flow to ground and there would be very 
little plate voltage. To remedy the situation you re-
place this condenser and retest the voltage. If it 
reads 300 volts you have found the trouble. 
The handiest· way to use the vol tme.ter in 
circuit tracing is to fasten the negative test pro~ to 
the source of negative voltage. In some cases this is 
the· chasis of the radio. In other the chasis is "above 
ground" or a "floating ground" is used. In such cases 
An ohmmeter is used for circuit tracing when 
the power is not turned on the radio. The. ohmmeter ' 
will tell you two things. It will tell you whether the 
circuit is complete, just as is the case with the neon 
bulb test. FUrthermore, it will tell you whether the 
resistance of a circuit has changed from what it should 
be according to the circuit diagram. 
One frequent source of trouble is damage to 
' 
the electrolytic condensers in the power supply. · A 
quick check is made by testing the resistance between 
the plates and cathode of the recitfying tube. If you 
get a zero reading it probably means that the electrolytic 
•. 
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condensers are damaged. 
An ohmmeter is a handy device for checking 
condensers. A good condenser should show a kick or 
,, 
quick swing of the meter needle .followed by a settling 
down to a high resistance reading. A poor condenser-will 
s~ow low or zero resistance. 
There are a few important rules to remember 
about using an ohmmeter. An ohmmeter uses a built in 
voltage supply which means it has positive and negative 
test prods. You will remember that electrolytic con-
densers also have positive and negative sides. Therefore, 
when you use an ohmmeter on a circuit containing an 
electrolytic of condenser be sure that the positive 
lead of the ohmmeter goes to the positive side of the 
condenser. In the case of the.power supply test, the 
cathode, Of course, is the positive side. 
In a complex circuit.like in·a radio there 
are many paths for the electricity to follow. It is 
quite likely that the section which you wis~ to measure 
will have many of these paths. If you wished to measure 
the value of a resistor you would get a different read-
ing if there were sever.al of these paths to follow than 
if there were only one through the resistor. You will 
have to learn to figure from the circuit diagram whether 
there are "sneak paths 11 • Of course, the way to be ·sure 
is to.disconne6t one side of the resistor which you 
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wish to measure. 
Above all, the most important thing to remember 
is never to use an ohmmeter on a live circuit. It is 
better ~o pull the plug from the socket rather than trust 
that the switch is off. 
CHECKING· TUBES 
Tubes are probably the most frequent source of 
trouble in a radio. The surest way to make such check 
is to replace the tubes in a set with tubes known to be 
good. The construction of a tube checker on the Kit is 
a rather eleborate project, but once you become a little 
more experienced you may wish to build one. A circuit 
diagram for a tube checlcer is found in the Radio 
Amateur's Handbook in the chapter on Measurements.and 
Measuring Equipment. 
THE SIGNAL GENERATOR METHOD 
The signal generator is a tiny radio broad-
casting station which is made so that it sends its wave 
out of the end of a test prod rather than out into the 
air. You can place the test prod at various parts of 
the radio and localize trouble. For example, you can 
place the test prod on the grid of the last tube in the 
radio, the next to the last and so on back to the input 
of the radio. The loudspeaker will play back the t.one 
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from the signal generator until you come to the stage of 
the radio which is defective. 
There are two sections to a radio, the radio 
I 
frequency section and the audio frequency section • 
. Consequently, a signal generator must also have two 
sections. A type of signal generator which can be 
built on the Kit is shown in Blue Print Plate VII. 
This signal generator is simply a radio frequency os~ 
cillator combined with an audia frequency oscillator. 
The output of the audio frequency generator is fed into 
the suppressor grid of the radio frequency tube. This 
is what the radio man calls modulating. It means simply 
that the two kinds of alternating electricity are mixed 
together. When you .wish to feed the signal generator 
into the radio frequency section of a radio the switch 
should be turned to the modulating position. When you 
wish to test only the audio frequency section the switch 
should be turned to· the audio position which means that 
only the audio frequency is given off by the test prod. 
_THE SIGNAL TRACING METHOD 
' 
The signal tracing method is a 'reverse method 
compared to the one just described~ In this case you 
build a circuit like the last half of a radio and the 
test prod is connected to the input Of the signal tracer. 
Then you turn on the radio and tune it. to \'lhere you 
know iJ, stat ion to be. Now you place the test prod at 
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the plate of the first stage of the radio. If it is 
working you will hear the station in the speaker of the 
signal tracer. Continue placing the prod on each tube 
until you come to the last stage of the receiver or 
until_ you_ find a stage which does not give a response 
in the signal tracer. 
Combining the signal generator with the 
signal tracer makes a very handy method of locating 
trouble. Wi~hout the signal generator you are never 
sure that you are actually receiving a station. Further-
more, the signal generator can feed a signal into any 
small section of a radio which you may want to test. 
A signal tracer can be built on the Kit by 
referring to the diagram shown in Blue Print Plate VIII. 
One feature about signal tracing methods is 
that trouble can only be localized to a general area. 
These methods will not tell you which part is defective. 
Through experience you will learn to determine what is 
wrong by the symptoms which show up under the treatment 
of the signal g'enerator. 
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INSTRUCTION SHEET SEVEN 
SOME MORE ADVANCED CIRCUITS 
./ 
An Audio Frequency Amplifier. 
After a person makes a few radios he often gets 
a yen to make some kind of an audio amplifier. Naybe 
this will be an amplifier for phonograph records, or 
even some elaborate public address system. once he be-
gins to play around with audio amplifiers his ambition 
begins to lean toward getting better 11fidelity 11 , that 
. - ' ' ~ . 
is, he wants to make the sounds coming from his :.speaker 
sound more true to those at the source. 
Blue Print Plate IX is the diagram of an audio 
amplifier which can be built on the Electronics Kit. 
The Kit will also be useful to you in experiments to 
determine the best arrangements for better fidelity. 
The combination of resistors and capicators determine 
the tone qualitity of many amplifiers. Since the Kit 
has· such a large variety of these parts· you wlll find 
it profitable to build any new amplifier circuit you 
desire before you set it up inf inal form. This will 
help you to.determine the right combination of parts for 
best tone effec~. 
A Superhetrodyne Radio. 
c 
The construction of a superhetrodyne radio 
receiver is, of course, one of the bigger ambitions of 
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persons interested in radio. This kind of a circuit is 
really no more difficult than any other to put together. 
The problem comes in adjusting the parts so that it will 
tune in a station. Before building such a radio you 
should read up in a radio book about the meaning of 
superhetrodyne. 
The superhetrodyne receiver shown in Blue Print 
Plate X is only the radio frequency section. To build 
a receiver of this type you need to learn ohly about 
the three tubes shown in the diagram. To make a com-
plete receiver all you have to do is to add an audio 
frequency amplifier to the output of the 6SQ.7 tube. 
Build the receiver on the three tube sockets 
on the left side of the Kit. At the same time build 
the signal genera tor described in Instruct ion Sheet 
Six around the two tubes on the right side of the Kit. 
Then you are ready to adjust--or align, as the radio 
men say, the receiver. 
· Aligning the r. F. section means that you 
must tune the intermetiate transformers to the inter-
mediate frequency. This frequency is 456 KC. You begin 
alignment by plugging in the 456 KC coil in the.signal 
generator. Then you feed the output of the signal 
. . . 
generator into the grid of tube No. 2. You listen to 
the tone in the headphones while you turn the screws 
in the top of the can of the r.F. transformer which 
go.es to the plate of this tube. You must use a bakelite 
1· 
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screwdriver to do this. These screws are fastened to 
small condensers which tune the I.F. transformer. 
Keep turning these screws back and forth until you 
come to the point where the tone is loudest. Then feed 
the signal into the grid of the 6SA7 tube and repeat 
the process of tuning the transformer connected to the 
plate of this tube. 
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CHAPTER VIII---SOME PRINCIPLES OF TELEVISION AND RADAR 
. 
---
The Electronics Kit is hot suit~ble for making a 
complete television set, but parts of it !llay be us~d for 
the construction of basic television and radar circuits. 
One of the most important of the principles of 
electronics as applied to television and radar is that 
of the time constant of a condenser. If there is zero 
resistance in a condenser circuit it will charge up in-
stantly to the full applied voltage. But if- there is re-
sistance in the circuit it will take a certain specific 
time for the condenser to become charged. The length of 
this time may be a millionth of a se~ond or several hours 
depending upon the resistance, but it will always be the 
same length of time. 
Here is one of the examples of the application 
of the time constant principle in radar. It takes a bout 
12~millionths of a second for a radar to measure the dis-
tance of an object a mile away. During this time the 
radar transmitter must be turned on and off and the rec-
eiver turned on and off. Of course no.mechanical switch 
could do this task. But by the use of one of the many 
pulse techniques, all of which depend upon the .time con-
stant principle of the condenser, this switching can be 
done and always in the same length of time. 
A circuit ·which can be built on the Kit 
illustrates visually how the time constant pr.inciple 
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works. See Blue Print Plate XI for this circuit. 
Two new types of tubes are used in this 
circuit. The VR150 is technically called a voltage re-
gulator tube. This tube is filled with an inert gas. 
It has only two elements, a cathode and a plate. There 
is no filament to heat the plate. This tube will conduct 
electricity only when the voltage between cathode and 
plate is a certain value. In the VR150 this is 150 
volts. If a low voltage is applied to this tube and 
gradually increased it will begin to conduct when it 
reaches 150 volts. The 6E5 tube is one of the magic eye 
types of tubes, a first cousin to the oscilloscope tube 
which is the basis of television.~:· A greenish light is 
cast on the target of this tube, but under the influence 
of a positive voltage there is a shadow angle produced 
on the target which makes it look something like the 
imaginary picture of an eye--hence its name. If the 
positive voltage is c~nst~ntly applied, then, when a 
negative voltage is applied, the tube appears to wink • 
. In the circuit shown in Plate XI, R2 and C1 
is the Resistor-Condenser combination which determines 
,, 
the time constant of the circuit. C1 will charge up at 
a certain rate. When it becomes charged up to 150 volts 
tube VR150 will conduct and allow the condenser to 
·~ The s~udent Should make some study of e1·ectron~ ray · 
devices. For example, see Hoag-Basic Radio-Chap.21. 
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discharge. As soon as it is discharge~ it will begin to 
recharge until it reaches 150 volts when the cycle is 
repeated. The RC combination in this circuit wi~l pro-
duce· 67fo of .full charge on the condenser in one second. 
About 200 volts are used to charge the condenser. There-
fore at the end of one second there will be a charge of 
134 volts across the condenser. An instant later the 
charge reaches 150 volts and the condenser discharges· 
through the VR150 tube. Each time the condenser dis-
charges it activates the magic eye tube causing the 
target angle to close. Thus, at the rate of slightly 
more than.once per second the magic eye can be seen to 
wink giving a visual indication of the RC time constant. 
The multivibrator circuit is one of the funda-
mental circuits, using the RC time constant principle, 
which is widely used in television and radar. This' 
circuit is diagramed in Blue Print Plate XII. It's con-
struction is very simple and should be undertaken by 
every advanced student. The output may also be obs.erved 
. . 
on the magic eye tube. 
A more satisfactory way to observe the output 
of the multivibrator, as well as all other kinds of wave 
forms, is the cathode ray oscilloscope. This .device 
reproduces visually on the face of a tube ·the wave form 
of the sine wave of regular alternating current as well 
as the square wave of the multivibrator, and the 
~riangular shapes of various other types of generators. 
:n.a. 
The oscilloscope is the next most important device for 
the instructor to acquire after the Electronic's Kit. 
· There would be no advantage in describing the 
principle~ of the multivibrator circuit here since it is 
so abundantly covered in the literature of radio·and ele-
ctronics.· The student should read this information when 
he constructs the circuit. In·fact, ·he should construct 
. . . 
other types of blocking.and pulsing circuits which can 
be found in the more up·to date radio books. It cannot 
be stressed too strongly that a knowledge of pulse 
technique is basic to· an understanding of post-war ap-
plications of electronics. This application appears 
most often in television, radar, and the new pulse, 
frequency modulation which allows many messages to be 
sent over the same carrier band at the same time. 
Valuable sources of information ana circuits 
for these applications are found in the Radio Amateur•s 
Handbook, the American Radio Relay League, West Hartford, 
Conn.; Hoag, J. B., Basic Radio, D. Van Nostrand Co., 
New York; and Radio News Magazine. 
Television circuits use very high frequencies. 
High frequency c~rcuits are very touchy because the 
higher the frequency the more the size-and placement of 
the leads influences the inductance and capacitance of 
the circuit which likewise influences the behavior of the 
circuits. On a device such. as the Electronics Kit high 
-frequency would be hard to manage except by one quite 
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skilled in the art. For this reason the high frequency 
applications of television are not discussed in this 
treatise. 
The same situation applies to the much dis-
cussed frequency modulation. And since frequency mod-
ulation is not so much different from regular radio, and 
since the purpose of the Electronics Kit is to teach 
basic radio, nohe of these high frequency applications 
are considered in this study. But an enterprising in-
structor who wishes to push his electronics department 
will find ways to deal with high frequency with or with-
out an Electronics Kit. 
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-ll-PART IV--CONCLUSION-l~ 
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CHAPTER IX--Summary and Recommendations for further Study 
This study has undertaken to examine the need 
for and the methods of employing an electronics area in 
an industrial arts offering or program. Through examin-
. - . 
ation of the philosophy of education it vas concluded 
that under certainmethods of approach or certain condi-
tions an electronics area was desirable in the school 
shop. These conditions were found to be: 
1. The vocational objective of-industrial arts 
should recognize that occupations in general divide up 
into paths leading to craftsmanship and paths leading to 
technical work, and that electronics is of the latter 
category. 
2. The exploratory objective of industrial arts 
should be expanded to mean that all youth should learn 
to control the material aspects as well as the social 
aspects of their environment. 
It was found that most general shops are not 
prepared to implement the technical training or the ex-
ploratory program suggested. To enable shop instructors 
to develop and offer work in electronics the remainder 
·of the study was devoted to describing a teadhing aid 
-------·,·-~-
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and to suggesting activities appropriate to the area of 
of electronics. 
This study has important implications for 
general education. The conclusions reached here are 
considered to be a refutation of the position of Dr. 
Hutchins and others that technology has no place in the 
curriculum. For education there are no more important 
questions than those involving the nature of secondary 
education. , This study has accepted the traditional pos-
ition of liberal education, which is this that there is 
no predicting completely either the needs of youth or 
what youth will do.with its resources. Rather, youth 
must have access to. the widest possible sources of 
knowledge and wisdom; and educators must have faith in 
democratic procedures to extent that makes them believe 
that youth will make the best of that knowledge and 
wisdom which is available to them. To make a play upon 
words, it is better to allow youth to make the 11 best of" 
what knowledge and wisdom he f.inds than it is to select 
the "best of 11 ':.those treasures to give to him. 
From this viewpoint~ it must be concluded that 
youth's individual potentialities are served best when 
the greatest array of knowledge and wisdom is present 
for his selection •. There are no limits to this array; 
the past and the present, the literary and the technical, 
the social and the material have each a place. The 
vaLue of industrial arts has been expressed in many ways, 
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but basically the liberal educator approves industrial 
arts because its.philosophy and techniques open up 
many new avemles through' w~ich_ the P?tentialities of· 
youth may be expressed and_developed. It is within 
this framework of belief about the nature of education 
that an electronics area has been conceived as an area , 
in industrial arts. 
One of the most ·difficult problems of 
curriculum construction in this day of specialization is 
the choosing of items Or' elements for instructional 
purposes. This problem was recognized, but it was not 
considered within the scope of this study. It is sug-
gested that those making curriculum studies examine the 
conditions under which an electronics area is desirable 
and the methods of ~te~ching herein presented. It is 
not meant that electroni6s should be just another area 
in an already overflowing curriculum. When included 
it should be with foresight and purpose. Education at 
present provides for the small per cent who go to college 
and the other small per cent who go into the· highly skill-
ed occupations, but for the fifty or sixty per cent who 
seek no specialization and who furnish thE;l bulk of .the 
factory operatives and service workers, education has 
just begun to be concerned. This.large group.has in the 
past been required to live a shifting, readjusting life 
to fit in with changing technologies and the visisitudes 
of industry. Industrial arts has often been justified 
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as the place where this large group could learn to make 
those kinds of adjustments which they would later be 
required to make. However, it is suggested that cur• 
riculum makers examine this study for suggestions of 
means and methods whereby some portion of this large 
group could perhaps disc.over and develop one or more 
specific interests and abilities. 
In order to give electronics its proper place, 
as far as the vocational function is concerned, it was 
suggested that industrial arts should recognize the 
technical as well as the craftsman categories of oc-
cupations. If this were to become recognized as a 
part of the function of industrial arts teaching, it 
would imply that technical areas other than electronics 
should receive attention. It is the task of special-
ists in other areas to make studies looking toward the 
implications and the methods of their· own fields for 
technology which would be useful to youth at the 
secondary level. 
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